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PREFACE 


Coast prevention from high tide and stormy wave is very important problem 
in Japan where the states are very serious in many parts of beach and cliff. 

Since 1954, the conference on coastal engineering was held every year in 
this country, and the results of laboratory researches and field observations 
were reported in the meeting. The proceedings of the conference were published 
in Japanese edition and some copies of them have been sent abroad. But we have 
thought it is neccessary to publish the English editions of the papers in the 
purpose of promotion of interchange of knowledge between Japan and other coun- 
tries. 

In the committee meeting of the last year, it was decided to begin to carry 
out our plan. We selected twelve papers, which seemed to be of general interest, 
and edited the volume 1 of "Coastal Engineering in Japan". Some of the included 
papers contain additional parts on the investigations later than the original 
papers. 

Though there are still some financial difficulties, we are thinking on the 
plan of the publication of following volumes. 

the Committee takes this opportunity to thank the authors of the papers and 


the many others who assisted in the preparation of this volume for publication. 


Masashi HOM-MA, Chairman 
October, 1958 Committee of Coastal Engineering 


Japan Society of Civil Engineers 
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-_Introduction. 


The essential fact that should be al- 
mays taken into consideration on the 
esign and construction of maritime 
structures is the stability of coasts. 
ne coast perpetually repeats its trans- 
ermation by the actions of tide, tidal 
urrents, wave and longshore currents, 
ad during a long period results often 
ome gradual variations or happens an 
mnexpected erosion or accretion from the 
onstruction of coast structures. In 
rder to solve such problems the effects 
£ following items on the coasts should 
e studied by their observations and 
heories, and any harmful effects should 
= treated to decrease as possible. 
(1) Ocean current (2) Tidal current 
+3) Tidal range (4) Waves 
(5) Currents due to waves 

(a) Rip current, back rash 

(b) Longshore current 
(6) Effects by the coast structures 
(7) Weather effects to wave, namely 
9cal characteristics of wind direction, 
ind velocity, and its duration, espe- 
Lally those of typhoon. 
(8) Time variation of above every 
bems, that is, they will change in the 
ame locality by year, month or day, so 
1ey will be treated statistically. 
(9) Coast characteristics, that is, 
1@ coast so changes perpetually that 
1@ Sizes and properties of coast mate- 
als, slopes of beach, sea bottom and 
ast rocks are to be stable. The extent 
» harm the coast stabilities by some 
rupt change of sea circumstances 
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and the distribution of Longshore Current. 
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depends upon their original states. 

Among them , the properties of tro- 
pical low atmospheric pressure ( ty- 
phoon ) in regard to wave developments 
and the fundamental theory of velocity 
distribution of longshore currents in 
the near coast region are illustrated 
in this report. 


Among all kinds of the winds in the 
neighbourhood of Japan, the typhoon 
accompanies with violent winds and 
furious waves especially at the south 
portion of Japan and frequently happens 
terrible damages to ships, coast and 
harbours. The typhoon usually travels 
from the south part to north and then 
to Aleutian Islands altering its pro- 
perties to the temperate low atmosphe- 
ric pressure. The wind of a typhoon 
has the following characters when we 
observe it at a locality of coasts. 
(1) Wind directions change corres- 
ponding to the center situation of 
typhoon. They will reverse as the cent 
er of typhoon pass through the place 
and the wind often ceases at the time 
of passing. If the center passes far 
from the locality, the direction of 
wind changes gradually. 

(2) Wind velocities change correspond- 
ing to the atmospheric pressure gra- 
dient. 

(3) Typhoons often accompany with 
high tides. 

(4) In the typhoon region, winds are 
violent and generate raging waves. The 
wave directions are recognized to be 
rotative and radial to its center. 

Out of the region, swell propagates 
far away. 

These conditions have an intimate 
relations with the elements of typhoon, 
that is, the center pressure, travel- 
ling velocity of typhoon region, the 
situation of center of typhoon rela- 
tive to the observation point, area 
of typhoon region. Here the typhoon 
region is assumed the scope surrounded 
by a closed isobaric line where wind 


velocity is larger than 5 m/sec. The 
typhoon region is the wind wave gene- 
rating area and swells propagate out of 
this region. In order to estimate whe- 
ther one point on the coast enters into 
the typhoon region, it is necessary to 
use the probability of the typhoon 
course to pass the point and its pro- 
perties. 

Here some relations between wind di- 
rection, wind velocity and its duration 
time in connection with the observation 
point and the center of typhoon are 
calculated as follows using their 
models and they will be fundamentals 
of wave estimation in the typhoon 
regions. 


3. The variation of wind direction and 


(A) The case when wind velocity is 
assumed to have no connection with the 
travelling velocity of typhoon. 
The typhoon region is assumed a circle 
of radius R , its center as the origin 
of polar coordinates and the situation 
of the observation point is pcr 6). 
The direction of 6 = o takes the north 
direction. If the center travels to 

the direction X with velocity YU , the 
observation point P is just like to 
travel to the direction (q+ 7t ) with 
the same velocity (/. Usually the wind 
direction in a typhoon region has a 
counter clockwise revolution and its 
velocity is not equal in the both sides 
of travelling direction, so that the 
typhoon is considered to travel riding 
on a air current. At first the variation 
of wind velocity due to the travelling 
velocity is neglected here. 

If at time ¢ =o the position of obser- 
vation point is (h,@e), 
wih V COS (A-6) (-6 = ep «pee (ly) 


sniche iced) 


= (UB 


From these two formulas bate at 6 (3) 
tax a-6\= Yo re ( — 60) BAC 
( ) —ut + Cos (A-65) 
FS eC Oe Be AIRS ) 
dnd Ain (a- @) 


Y= / tr -2vt bcos (A~ 9,)tvt? 
wene ot 5) 


Therefore if the initial position (f,, 


@,), travelling velocity Uand travel- 
ling direction Qiare known, (f @) at 
any time is calculated. The azimuth of 
the center of the typhoon at P (the 
observation point) is 7t+ 6 


Fig.l 


If the wind direction is assumed to 
deviate degree to right hand ( in 
north hemisphere) from the direction of 
atmospheric pressure gradient, the blow 
on direction angle is ( 6 + and "a 
the blow off direction angle is (Ue B i 
A is usually 30~60° Now it is 
assumed ® is not influenced by V. 


From (3) ee 
= +8 tr Ree (A 00) 

i alee eames ary 45 SY 05 “onl Ge 
If the direction angle of the coast 
line from left to right facing to off 
shore from the coast is { , the angle 
between the blow off direction of the 
wind and the direction of the coast 


line is €= 71+ B+O-J.-----(7) 
as shown in Fig.-2. 
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Fig. 2 


The wind in the range of € =0°to 180° 
is a see wind and in € =180°to 360°is 
a land wind. 
If the wind velocity is approximately 
reversely 
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roportional to the square of the dis- 
ance from the center of the typhoon, 
nd tae ne V m/sec is 
v= i =e --(8) 
7 Yo -Zut 1 c00(A-6,)+ U*t 
here k is the constant of proportiaen 
hat is considered to relate to the 
enter pressure and the area of the 
yphoon region, namely the atmospheric 
wessure gradient, whether the position 
6 in the danger half circle, and the 
atitude. Accordingly k must be esti- 
ated from the observation values. 
By tne above method, the wind direc- 
ion and the velocity at the observa- 
Lon point of the coast at any time are 
ble to be about estimated from the 
avelling direction, velocity,area, 
pnter position of the typhoon and the 
Lrection of the coast line. But actual— 
y the travelling direction, velocity, 
he center pressure and the region of 
ne typhoon are not uniform and vary 
rom time to time. So it must be modi- 
ed corresponding to these variation. 
f the circumstances of a typhoon can 
supposed by a long period observa- 
on, the wind conditions and accord- 
hgly the waves caused by the typhoon 
by be estimated. 
In Fig.-3 A=45; J =45; 8 =30; £ =300km 
 =40 km/hr, Co. 2120, the curves are the 
\\riations of br Rae when the typhoon 
ravels off shore parallel with the 
jpast line. 


= Jo 
@+é 
100 200 
poo | 100 
1 Sea Wind & 
bh ° 
fo 2 4 6 @ 0 2 i416 g. gow 
if t 
| Fig- 3 


» The case when the typhoon travels 
Ith an air current of constant direc- 
fon. 
this case the wind direction and 
flocity are the resultant of the motion 


of an sir current and the inverse re- 
volution wind of a reposed typhoon. 
Therefore the wind directions of both 
motions are opposite in the left side 
of the travelling direction of a ty- 
pnoon and the wind velocity is dec- 
reased, and on the contrary the veloci- 
ty is increased adding both motions in 
the right side of the typhoon where is 
called the danger semi-circle. The 
stream line of air in a typhoon is a 
spiral of equal deviation when the 
typhoon is travelling. The direction 
of a tangent on the air stream line is 
the wind direction at that point, but 
the straight line of wind direction 
does not necessarily coincide with the 
stream line. Therefore the distance of 
the straight part of a stream line is 
to be taken as a fetch. 

Now if the wind velocity of (8) and 
velocity Uof an air current in the 
direction Q are added, the resultant 
wind velocity Vp and its direction ( 
in direction angle are 


Vp=V V4 a Sey SPOTS) 


=/740% 2 Vv coats ae ue eo 


C=60+ 8+ 2 tay [(S-VXS-W 03), 


where S=4(V+Vp+v) Sheu) 

(Plus sigh is the case when the typhoon 
travels to right of the line towards 
the north. ) 

The wind direction at the coast is 

ie Lh ee, pe er res) 
By these formulas, the variation of 
wind directions and velocities with 
time can be calculated and so the du- 
ration time of re wind direction is 
eee When & =45} & =60, 6=60° 

Yr, =500 km, 17=40 km/hr, the time vari- 
ation of Vp and € at the coast J =300° 
is indicated in Fig.-4. From this 
figure, the relations between wind 
directions, wind velocities and its 
duration time are obtained. And by the 
figure of stream line, the distance to 
supply the wind energy to waves, or the 
fetch can be obtained. 

For example, when X= =60, =60, V=40 
im/hr, V=k/r2 , k=520 km/sec, the stream 
line of a typhoon is Fig.-5. 

The time variation of fetch can be , 
gotten from the situation of this stream 
line in reférence to the coast line. 
When the part near the. circumference of 
the typhoon pass through the observation 
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point, the change of wind directions is 


slack, but when its center passes there, 


the wind direction varies suddenly and 
the wind velocity is so large that 

occurs raging billows in spite of small 
fetch. The waves develop by the supply 


of energy in the initial wind direction 


and next different wind direction when 
the wind directions are varying. At 


this case the waves of the first direc- 


tion does not get any supply of energy 
and is in the decay state, but if the 


wind direction changes slowly, the first 
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waves are yet faintly present, and the 
second wave grows gradually. But when 
the wind direction varies suddenly as 
the center region of a typhoon, the 
first, the second and the other waves 
exist at the same time and results very 
irregular composite waves. 

The above method is applied to the cir- 
cular model of a typhoon, but it can be 
similarly applied to the elliptic region 
of a typhoon or to the temperate low 
atmospheric pressure region accompanied 
with a discontinuous line. The diameter 
of the temperate low pressure region as 
a wave generating area is about 2000 to 
3C00 km, and the region of ordinary 
tropic low pressures has 1000 to 2000 
km diameter. However the area of Japan 
Sea is about 1500 x 700 km and the Paci- 
fic Ocean about 10000 x 10000 km. So the 
fetch can usually take the distance to 
the opposite shore in Japan Sea and the 
similar water basin, but in the Pacific 
Ocean the wind regions contain only 
one part of the total area, so that the 
fetch depends upon the locality and 
properties of the wind regions. With 
respect to these problems, the temperate 
low pressure region with a disconti- 
nuous line is very different from the 
typhoon. Above the general circumstances 
of the fetch, the variation of wind di- 
rection, wind velocity and its duration 
time of the typhoon are treated in 
order to carry out the wave estimations 
accurately. 
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The currents of sea water in the neigh- 
bourhood of the coast are classified as 
follows by their causes. 

(1). Ocean current. 
(2). Tidal current 
(3). Density current. 
(4). Wave current. 

Among them, the ocean current and the 
tidel current have about constant pro- 
perties at every locality respectively 
and are considered to have some slight 
changes by year. The density currents 
are occured by the difference of field 
densities due to the temperature and 
salinity of sea water, and the contri- 
butions of river water, etc. and de- 
pends mainly upon the long period wea- 
ther variation. Above three kinds of 
currents have not large velocities 
near coasts except at the complicated 
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ppography as narrow straits. However 
te fourth current due to the waves 
rist always where waves exist and 
»pends upon the wave conditions. 
rcordingly the velocity and direction 
> this current change always by posi- 
+on and time. Especially near coast 
ive conditions change suddenly, there- 
bre the circumstances of the currents 
re not uniform. So they should be 
reated statistically in connection 

{th winds which are the cause of waves 
h order to demand the general proper- 
tes of the current. And the facts 

nat the velocity of currents is large 
par coasts, they have intense turbu- 
snces due to the wave breaking and the 
-rections of the currents vary from 
brmal to parallel with the coast line, 
kve great influences upon the stabi- 
,[ty of the coast. On the open ocean, 
he current accompanied with the waves 
y the prevailing wind will be the 

kuse of the ocean currents. 

In the following articles, the currents 
fe to waves near coast and their vari- 
fion caused by the properties of coast 
\31 be stated systematically accord- 
be to the wave conditions, and espe- 
Lally the distribution of the long- 
fore current will be expressed. 


Currents due to the momentum of waves. 


kecording to Stokes' theory of deep 
ba waves with a definite amplitude, the 
tlocity at the depth W is 2 yf 

Ul = Rate ERP dc EO A™ ++ (12) 


were 2A: wave height, A: wave length 


S= 2a/rN, k= 2/pr, 
ce = velocity “es wave propagation, 
CPa ZA (1+ 22% Sntft, ..... 
27 
» the water ERE 
7." 2 2 2 eeeeeeee 
Ui, = 7 ae =RAC (13) 
' pee, 
we — A psu ltn cteaahe wiere sia, LAL) 
6 
hat is, the velocity at large depth de- 


reases rapidly and at the depth more 

ian A /2 it cannot be almost recognized. 
The velocity due to the momentum of 

ives with a definite amplitude at shallow 
iter is as the mean value WU! between 


1 th 
ie pec eee cosh 2k(h-h’) 
Amp? Rh 


Era re cooh TE (h-h') ..-(15) 


Ann 2 2amrh 
ar ee 


> the at 4 Pe 


vs + ROC (1+ coth? Kh) 
At chy sea bottom 
= + A'0°C (coth: -£h-1) 


The meat velocity u!, ty oe h is 


m= Ka 


}..(16) 


iz 
eee Ay 
The discharge by this velocity is 


Q=hu, 6 Meche erie) 
where 
h = depth, B= length of wave crest 
line. 


This discharge is due to that the 
progressive velocity at the wave crest 
is larger than the regressive velocity 
at the wave trough. When the waves 
approach the shallower sea propagating 
to the coast, and increase their wave 
steepnesses, and then at last break, 
the water volume that can not be sus- 
tained in waves will move to the part 
of smaller discharge and result in a 
longshore current or rip current. 

The velocity distribdution of the 
current due to waves at various coasts 
will be as follows. 

(1) Straight and upright coast. 

In the case that the equal depth lines 
are parallel with the coast and wave 
direction is perpendicular to the coast, 
if the waves do not break coming to the 
coast, they will reflect 100 per cent 
at the upright coast and result a 
clapotis. So the progressive momentum 
of waves will disappear. If the waves 
break on the way,the secondary waves 
will be formed according to the break 
conditions and they will reflect at the 
coast to build the clapotis of them- 
selves. The released water from the 
waves by breaking will grow at last to 
the off shore current. 

(2) Straight and inclined coast. 

It is assumed that the equal depth 
lines are parallel with the coast and 
the wave direction is perpendicular to 
the coast. When the waves come near the 
coast, they will break and the released 
water will remain so long that their water 
head will be rised to balance the water 
volume with the off shore discharge. 
This counter currents will flow along 
the bottom and it will tend to form 
some sand ridges where the forward 
current and the counter current will en= 
counter with equilibrij)j. If the sand 
ridges are once formed, they will be 
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apt to fix the breaker line and promote 
their formation. As there is a limit 
of sand diameter to rest corresponding 
to the current velocity, after a long 
period of the same wave condition, the 
sand ridge will develop more and more 
shallower, but it will stop their deve- 
lopment as the sand diameter ‘hus the 
larger limit to some extent. The dis- 
charge will flow off shore uniformly 
over the ridge or will concentrate on 
its discontinuous point to cut the 
ridges. 

(3) Straight and upright coast, equal 
depth contour lines are parallel with 
coast and wave direction is oblique to 
the coast. 

When the waves reach to the coast with- 
out breaking, they will reflect 100 per 
cent, so as to have the direction of 
the reflective waves that the angle of 
incidence equals to the angle of re- 
flection by Fermat's principle. It is 
assumed that the angle between thecrest 

line direction of waves and the coast 
line is Q , and the particle veloci- 
ties of progression of both the inci- 
dent waves and reflective waves will be 
decomposed to the component velocities 
of parallel and normal to the coast. 


Fig. 6 


It will be able to think that the nor- 
mal components of the incident and re- 
flective waves will build the station-—- 
ary wave and disappear their progressive 
property, but the parallel components 
will maintain the progressive wave moti- 
on which wave height is double the inci- 
dent wave, wave length NW! is equal to 
d/din & and its period is same as 
the incident waves. Therefore by using 
pana fork, Afsana for A and 
2adnX for Q in formulas (15) (16) 
and (17), the velocity due to the para- 
llel momentum with coast will be found. 
So there are nodes of the wave at the 
distance (aaa 4) Caow from the coast 
and loop at — = - The parallel 
velocity at the loop will be 


Un Peale woahi® RAH )acitilatr a 
Arh) (Rh den X), | (19) 


g < 4 
C fF Tinh (LA Acne) 


At aie suekee 
Upg= 2k a Cllr eoth: (Krona actos 
At the sea ayes 
Upe= 2ka c{esth"(Rh Aen) —Natetol 
The average velocity for depth h will 


Ute = ate coth (Rh2tnd) os 
pm TAS ier ap Deo or 
= 2 Rate SAAN A ain ¥+(20) 


ioe 
= SP taf Be Coth (SThsind) 


There eet: we exist any parallel velo— 
cities at the node where the surface 
does not appear wave forms. The para- 
llel velocity at a distance Y from 

the coast will be considered that two 
progressive waves which half wave height 
is AdMtn CO and wave length N = A/anx 
will progress to the same direction with 
a phase difference 47% ¥/N. Here is 


N = Afeosa - ee the wave form 
will be 


J = QAMUnd ain (kx-CTt) 
¥ Aalna ace (Ra-ot + SF 
= Ading [{din(kxacnd) 
tm (Rx ot + 2tey Cog )} cas ot 
om Leo (Ron X) + COO (RxRIn XK 
+ 2hkycoaK on ot | 
asin [2 fir cao (thy esoa)} 


x Aen hx sind + hy 6d. — ot} 
Roa Aes Pao) 
Using Adina! 2 § I+ cod (2ky Coda)} oe 
half wave height and Rano for wave 
length in formulas (15)--(17), the 
parallel velocity with the coast due to 
this resultant wave will be as follows. 


The mean velocity for a wave length 
rae be 


Up= a Raina {it coo(2k 00 )Yfotonk ha 
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where 


At the surface 

Upe* ark Coinal I+ C60 (24 y cose i+ cath (khacna)h 
: find A (Rp den of ) mages ise 3.) 

t the sea bottom 

Ung 2K siren It C69 (2hy cosa’ I eoth' (Bh vena) 

| = 1} ge Binh (Rh ocnay) ees 3624) 

The mean velocity for the depth A is 


l= at pe bee + / 

Um recall (eo (2%4 cosa)| 

| X | Zeta OTA (Kh acne) (25) 
where Rk = 27/r . 


The variation of these velocities in 
he normal direction to the coast will 
pe found for 4. It will change with 


wave length = A/2cood...-+.(26) 
or 2RYCCDX=277L, 
he value of {1+ ¢0s(2kycosd)}in formulas 
22)-(25) varies as follows. 
iY = 0 (at coast) 2 
= A/bce0X 1 
= A/4coaX fo) 
y= 3A/BcooX 1 
y= A/2c00 = ape 2 
ht the loop y= Es yee » the parallel 


elocity is pax. and at the node 
=(++47) tesq it is minimum. The para+ 
E. discharge Q at the range from Yard 
0 ¥ = A/4ceoX will be 


| Q=h [44 UL oly 


oO 


a Atta Aan! 9 cath (thainy 
it tkh COI VRind Oe Gan 
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‘width is 22 : 
—_—— od 
mp ARS AE vita Raima (eth hand) 


ee ee Comes ELS coth (Raina) 
aod Ae. 2M aind 
| Cx) perth (e8) 
(4) Straight, but bent at one point and 
upright coast. 

rf the HeGeatt coast bends # degrees 
and the angle between the wave crest 
“line and the coast line I is & as in 
Fig.-7, the angle between the wave crest 
-line and the coast line II will be 7-ah 

In order to compare the velocities at 

coast I and II, applying 71-(g-4) instead 
of & in formula (28) 


aT > | coth (2 din) 


Limpr den O ia 
Adm (3-X) oth {2rh sin(sA)} 


je 


wee) 


When A=6~-X , namely A=204 Umer Unpn 
and their directions are opposite. 

If h/\ is sufficient large, the para- 
llel velocity at coast I will be larg- 
er than one at coast II when >B-% 
or 2Q>g, but if h/» is small, the 
velocity at coast II will be some 
times larger. These variation is indi- 
cated in Fig.-8. 
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If it is assumed that the parallel 
mean velocity in (28) with coast I and 
II are U, and Uz respectively and the 
current toward the right side facing 
off shore at coast is expressed (+) 
and towards the left side (-), when 


f 29, U= U, and they will have 


J — 


same direction, when g =O , U, >U,Uz0- 
The velocity of + Uywill be decreaged 
in the vicinity of point P and at coast 
II there will occur (+) current due to 
the reflective wave when 2d> 7/2 and 
its velocity will change according to 
the angle to the coast II. When 20<%, | 
the reflection wave will leave from |the 
coast II and its refractive wave will 
arrive at the coast II, so that the 
current will flow off shore. 

When 2X= 71/2, it is supposed that the 
reflective wave will propagate parallel 
with the coast II and decay on the way 
of propagation decreasing its velocity, 
so that the discharge will vary to a 
horizontal flow and spread widely. 

When 6 >cX, the velocities will become 
+ U,and -U, and their discharges meet- 
ing at point P will flow off shore from 
P or wash away to the region of smaller 
velocity. When X> 71/2, the wave at I 
is one due to land winds and at II to 
sea wind, resulting non uniform wave 
conditions, so that the above formulas 
cannot be applied at once. For the en- 
counter and reflection of waves do not 
occur at I and do only at II. 

When <@, the velocities will be- 
come +(J, and +(),, and X>Xk-8 , so the 
mean velocity at I is larger than that 
at II and the discharge due to their 
difference will remain adjacent P’ and 
flow out off shore or parallel with II. 

When R< O¢ If A+6 <7/2, it will be 
+U<+Ue. As the velocity at II from 
point P will be larger, there will occur 
the supplemental current from the open 
sea. When += 7/2, +Uzwill be max. 
When A+g> 7/2, the incidental waves 
will leave from II and only their re- 
fractive waves will arrive at II. 

In the general coast, the depth varies 
irregulerly and the equal depth con- 
tours have not any uniform figures. 
Therefore the directions of wave pro- 
pagation will refract and the wave 
height and wave length will vary accor- 
dingly. So the height and length of the 
waves should be corrected by using the 
refraction diagram and found velocity 
distributions by the incident wave di- 
rection. In addition the currents along 
the coast varies towards the normal to 
the coast, so the relation of flow out 
and supplement should be estimated by 
their variation. 

(5) Upright curved coast and the depth 
is constant. 


When the waves arrive at the coast 
without breaking, they will reflect 

100 per cent. Here it is assumed that 
the tangent line at one point O on the 
coast in Fig.-9 as x-axis and the angle 
between the x-axis and wave crest line 
as O,. 


\y \ 
r do 
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Fig.-9. 


The reflective waves at this point 
will propagate with angle (211-da.) 
to x-axis and occur the parallel cur- 
rent at this point. Now consider the 
current at a voluntary point (x,y) on 
the coast. The figure of the coast is 
assumed to be expressed y=f(x) and 
the angle between the tangent at (x,y) 
and x-axis equels 9 . So 
tan @ = dy/dx = f'(x) 

If the ee between the wave crest 
line at (x,y) and the coast line is 


assumed & , / 

Ol = W,- 6 = ho- tan’ (G2)= te lan have 
By applying this (to the formulas 
(22)--(25), it will be found the velo- 
city distribution. When the velocity 
will decrease with x, namely the coast 
curve is concave off shore, the dis- 
charge due to the wave will decrease 
along the coast , so its difference 
will develop as the longshore current. 
For example, if the coast curve is a 
circle expressed by y= + -/y2-x?2, 

& = O- tan ES »where r= radius 
of the circle. ye 
In this case, the velocity will decrease 
along the coast and the difference of 
the discharge will result in a steady 
current following the topography. 

(6) Straight and inclined coast. Equal 
depth contours are parallel with the 
coast and the direction of wave propa- 
gation is oblique to the coast line. 
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Coast Line 
Fig. -10 


|When the wave approach$to the coast, 
there occurs longshore currents due to 
the breakers. Here we consider the 
state of current before the wave breaks. 
Nnen the wave breaks, water particles 
ill run out of the circuit of wave mo- 
tion and deform the wave forms. Accord- 
ing to degree of breaking, the waves 
of smaller wave steepness with the same 
period as before will remain seconda- 
rily and this wave reflect at the coast 
to turn a reflective wave. Therefore 

the states of current inside and out—- 
Bide of the breaker line will be dif- 
erent. Now it is assumed that the 

part of incident wave breaks and the 
other part of it propagates to turn a 
eflective wave and the height of the 
reflective wave is p times of the in- 
Sident wave height. Then it is assum- 
ed that in the narrow region of coast, 
aves propagate straightly so that 

he incident angle equals to the re- 
Flective angle. And the wave lengths 

f the incident wave and reflective wave 
are equal, for the propagation velocity 
8 constant at the same place where the 
Hepth is constant. 
If the half height of the incident 
ave is a, 

incident wave ... 1) 
eflective wave.. pa sin(kx-ot) (3 
where k=2T/, , G=2TI/T 

It is assumed that the angle between 
he wave ,crest line and the coast line 
Es ol as in Fig.-10, and the coast line 

s x-axis and the perpendicular line to 
it is y-axis. The wave form of the para- 
lel component with the coast is 


S=Q din din (kx-Ot) 


a sin(kx-@ t) 


+Paangan{rx-ot eels 
where We L1G ‘ eoeervee 
} R= Nae tak 


The wave form of the normal component is 
$= AUK den (Ry +0) 
+ Pach awn (kr —ot) 
= —Q (I-p) Coon en (kya ) 
+2a coon denky Coo E 
= A(I+p) cso x den k cog ot 
whe re +A Ip) (80d coy Ryden TU +e 
R= 21 L600 /r 
If formula (32) is transformed, we get 
‘< =Adbind wn (kxwna4-TT) 
+ PAdin X an kx tr A-TE 
+2 %y coo } 


(33) 


= (I+p) Adindcsd(ky coor) den (RAY 
4 Ry coon ot ) 

— UH p)ddndacn (Ry cos Jess (RxAnA 

+ Ry cod — ct) eoccserceee(34) 


fey Cis 
oN 

This formula expresses the resultant 
wave of two progressive waves advanc= 
ing to +x direction, so that the velo—- 
city by this wave will be derived by 
composition of the currents due to each 
wave. 

The velocity due to the mean momentum 
in a wave length is as follows from (15) 
(16) and (17), 


where 


Up= A Bocaar {+P 2p coo (2-hy cosa) 
“ cook {2R(AN den} (35) 
MN ath? (kh den) 
At the surface h'=0, 
Ub =49 etal {1+ prepcoo(2ky coor) 


x {4 coth'(Ah ar oC 
At the sea bottom h'sh , 


Usp= Bo {I+ p+ 2peso(2kycosdt yt 
x{ coth® (Kh ainl)—I}C 2+ (36) 
where 


— 


liana Sr eRe ol) 


The mean velocity for depth h is 


Una Aeon al {1 + por epeaa(2 heycoor)} 


x coth (RhoinX) ++++(37) 


The variation towards, y depends upon 
{i+ pre 2pcoo(2kyceod)} When pe=l and 
y =X /ycood, U!,=0 and this varies in 

the wave length P.A/2.c600. That is 


=e Ra iy |S coth(thada | 
VROEnK J 


" 


eC. 
: _(i+P) " 


mp has Fp " 


sai N 
0 2eede 
Integrating (37) for y and dividing it 
by the width, mean velocity is 


+P Kae 4; 


ry no coth (khacna) 
Rape 5038) 


Unp=! 


As above, when there are partiy refle- 
ctive waves, the mean velocity is de- 
rived by multiplying the term contain- 
ing the coefficient of reflection p to 
the formula of total reflection. The 
discharge of this case is 

= Bh Up ex. Hd) 
which varies between the position of 
max. velocity ¥=NA/2cedX and one of 
min. velocity y=(1 4+ Zs 
From the wave conditions near coast, the 
distribution of longshore current due to 
these waves can be derived by the above 
idea. Generally the velocity of this 
longshore current is larger as h /r is 
smaller, wavesteepness is larger and 
angle & between the crest line and 
coast line is larger. 

Moreover in regard to the coefficient 

of refléction , Healy's experiment was 
reported before. 


Accompanying with the energy supply by 
winds, the wave height will increase 
and the wave steepness will grow. When 
waves approach to the shallower coast, 
the wave steepness will grow by the 
decrease of wave length due to the de- 
crease of wave propagation velocity. 

In any way after the development of 
these states, wave forms cannot be main- 
tained by themselves and result in 
breakers. By breaking the wave trans- 
forms to the waves having smaller energy 
when they lose one portion or whole of 
their energy. The part of energy thrown 
out from breakers moves the water and 
originate the longshore current and one 
part increases the turbulence of water 
and turns at last to heat energy, and 
besides other part is consumed to push 
up sea water on beaches growing the rip 
current. When the rate of supplied part 
of energy from breakers and one of the 
mechanical energy loss by the friction 
of longshore current on sea bottom are 
equal, the current will be steady. 

Therefore the conditions of develop- 
ment of longshore current due to break- 
ers are supposed as follows. 

(1) The outbreak of breakers are limit- 
ed in some definite region and their 
directions are uniform. 

(2) The narrower the region of long- 


shore current, the stronger the 
current. | 
(3) When the direction of wave pro- 
pagation is oblique to the coast, thé 
current is strong. 

(4) The longshore current is strong 
when the rate of thrown out energy 
from breaker and the rate of energy 
consumption for the development of 
longshore current are large. 

(5) The current is strong when the 
duration time of breaker is long. 

The velocity of longshore current 
due to breakers has been derived by 
Putnum, Munk and Traylor's formula‘ 
and Nagai's ones 

As described in 5, the longshore 
currents are classified to the current 
due to the mementum of wave, that is 
accompanied with the wave form and the 
current due to breakers, that is accom- 
panied with the transformation of wave 
form. The longshore currents accom— 
panied with the transformation of 
waves are stated below. 

When the waves transform without break— 
ing, the velocity of the current accom— 
panied with the wave is expressed in 
(17) as the mean for one wave length 
and the depth, and its direction coin-— 
cides with one of the wave propagation. 
Now in unit width, the waves are assum— 
ed to be transformed from one point to 
other without breaking. Here the sub-— 
script 1 and 2 indicate the first point 
and the second one respectively. 

The discharge is 


9 =h Uj= AA corr By argh Cay 


Therefore #, 2 
as fmol C, y 
ae a ee cath R,h, 


/ 
2 
to= oF A coth Reha 


then 7=%,- %, is the discharge which 
does not accompany with the wave and it 
has to eupply oe this section. 2 
Using tg ree 7m Cote Taig 
we Stank Rh, Ra & 

b =/= ape coth 2h 
If the wave height and length vary de- 
pending upon the variation of depth and 
other reason, the changes of ¢ are found 
by above formula. 

Next we consider the case of the wave 
transformation by breaking. When waves 
propagate to the coast, the period does 
not change, but wave velocity decreases 
gradually with the decrease of depth. 


—|1O0O- 


— 


Ie 


It is assumed that the waves break at 
idepth hy and secondary waves originate 
at depth ho. The wave lengths at each 


ea ESAS 
"Aneel Ar 


ocait oh-ei Hs) 


By this formula, wave length \zcan be 
‘found when the depth fh, is observed. The 
propagation velocity C,is 
Co= aArz tanh ZEAL 

en Az 
In order to indicate the degree of 
breaker, the decrease of wave height is 
fused and assumed as Q2 : (42) 
The decrease of wave height by breaking 
2A,—- 24% =2a,(1-S) 
|When S20, the secondary wave does not 
(originate at all, but when S=l, the 
rwave height does not transform at all. 
(‘The momentum of wave before breaking is 


2 
M, = TLPQ; C, coth ky Nan 0A3) 
ifor a 28 length. Therefore the flow 
Reo is = = Bats coth Rhy 
Putting f= Se eth thy = Thcoth hy 


He ee LOdidg Pa — wee aa) 
I 7 
pend = of = Bit oth Aah, = BA coth eh, 


as coth Rh, = Xp coth Rohe 


‘From (41) 


‘Pherefore he TES A, 
ro 

‘The momentum of the secondary wave ae 

junit pied is 


— £0202 Ag 2 Poe Gaps / 
aC 
es a en” 


‘If his my and h, are known, Azand accord= 
‘ingly C,. are found by (41) and M,is 
lbaloulated using known 5S. 

If it is assumed that when breaking, 
ithe water volume thrown out of the wave 
‘circuit is the volume at the crest of 
‘the depth 2@-2Q@2 _ 2a) C-$) 9, (\-$) 

(a 2 
from the surface, this volume V can be 
calculated as follows. Using the wave 
form 


ve 
2 A,cothk, hi = 4 SS 


ve = bec sth th+ aces k(x—Cct) 

+ Bae oth Rh cos k(x—ct)+- 
and Qo= Q, ) 

pv=eple (se-d-as)dx 


Taking to the second term as an appro- 
ximate value of wave form, from the 
next formula 


‘$ - AM coth £h - a,5=Q,ced &x-a,S=0 


xX, will be found. 


Then cou AX, = S$ 
= » / 
ep ee Lp Ie =— CO) ¢ 
: iy S=3h 0 
Therefore 


pv=2es (@, cos Ry X—-A,S) AX 


= 21g (EE car's 
| 


If this broken volume is considered to 
turn into a current that has a veloci- 
ty u to the direction of the wave pro- 
pagation, this momentum is 
are) S, UVa 
2uPa, 2ufaiSA qlee BBee rhs ae BM (=SE 
2a , 
—Scod =>) 
If the angle between the wave crest 


line and the coast line is@ , the 
parallel momentum with the coast is 


Up Vedenel = LE GIA aioy (f= 54-5 c68'5) 
where V= volume ssterste 40.) 
Accordingly the mass per unit time is 

eee It is considered that the 
momentum M,is the decreased momen- 


tum by Pee which turn into the 
momentum of breaker and. rcs 


(M,-Mz) ain & =( PAC; rp 5 Sa 


¢ lak 


= PA dina (Cr Sst “:) 

Sracas eeu 47) 
The secondary wave has a Hah hd 
current accompanied with its momentum 
as described before. 
If the difference of the momentum of 
(46) and (47) is equal to the friction- 
al force W acting on the sea bottom by 
the longshore current, 


We Kevit = Kips oe, te estore LAG.) 


m= 44/2 3 slope of oud bottom 
3 a distance from coast to the 
breaker line 
ty 3; depth at breaker line. 


where 


If it is considered that the momentum 
(46) what the broken water has travels 
at first towards the direction of wave 
propagation, but at last along the 
coast, it can be taken sinQd= 1 near 
coast. So at steady condition the mo- 
mentum of broken water volume per unit 


time is 
Mix PV airr Sc 35% 660 4S 
bab oe ( eae eas) 
And the det width to come on the coast 
length dx is dx eb Therefore 


{ po dena (CF - 2a y- ea L(fi=s™ 


—Scoo ae eK he yx 


Then 
via MBB ot gina fr SARE 
— Ah (fis? -Se06'5) v7] 

he [hice a{)- SAFES 


From (41) “2 |= $= Scoo ‘s}v] -+(50) 


Ay = ‘lawk kh, ty 
A2 Tah Rihe 


C2 — VR ane Rok Tank R2h2 Seaceee 
C, panery ah, ba hyhy 
— Az BrARihr 

A, bntr Rh, 


(2 y= ae wie Az ‘. 


ey (tye! 
eres BL Rg cotk Rh, [tank bye ed 


Therefore nae (50) 
ay = MCOIK arg Wa sty (i= 52 


KR Ere 

-Sced’S)u] 
— MAitoa QA, S Cy j=5 
maveeid(gaidindl 5 OFF 


—Sce0 S)V] ..54.(51) 
Assuming the wave height H=2Q,, 


2 mH, cood s gHidena, 2, _ Ct) ( fp_e? 
ae Seer a 4 (= S))— std kas 


—Scos'S)v | seal 52) 


When the wave breaks at wave height H, 
the wave velocity at the point assume (, 
wave height there Hg. 

The approximate condition for wave 


breaking is tanh kh = erie: RQ 
Accordingly 


Ce= [pth hehy = aR ao as =~ [tHe 


He Sa 484 fat -[EB 
109 19 ae 3 


By using segs. ae 
yt He coor Ce [Tt ain 
2 KhgTt 

— { Ji-s?-Seod's}u] ...(53) 
ui Be 
“mg Hee coda, wits fee | 
* 2f27 Khe > (ae ORE ee) 
= oaecceesepian ee : 


When the secondary wave does not ori- 
ginate after breaking , that is S=0, 


mX (/-9*) 


ae » (SRHe Ce cox Te 9 He den Hy] 
27K Ke 4Ce¢ 


_ mls Hh, coo ee «+ (54) 
2vo aK he aio ed 


Usually the waves break according the 
decrease of depth and thereby increase 
of wave steepness, and then the second- 
ary waved propagate to break as similar- 
ly as the initial waves and finally the 
last wave breaks at beach. Accordingly 
the velocity of longshore current will 
be small at the first breaker line and 
increase larger near coast. 

Formula (53) will be solved forV as 
follows. 


m He Ce Coda 


a SUR EE a Pe \R 
WK ay eee 
4 BKK ty (-3%) (FES sa 
m C4* 


H Coda 
= cae ee 


27 ‘ght lle 9) ry 


mre 


—(fi=s — sc0d's yt ein way 


: 
. 


When S = 0, 


pa at fie a etee tee BEAL [eo Rtina i] 


| mHe Ag Coo 2 t 
ee 21*9 Ker 4 From C =| £AS tanh 21 Nt 
| An KAT {/i+ om dy lama i} + At 


In (So sagsune Ste oe eee (56) K= 2m'9 K hg aC 9K A627 con ihe 
P=cooa SF = 5 c03'S) Tiihiny (10% aad 
Se (VI — AU KA pp 2h 27 hy 
2m? &K Ae (i—S® rae m Ag ANE 
2 rome yam wlcces ( I~ Sh ne) At the very shallow water a ALR 
A ear es er ere very small, tanh 2m4¢ - 20% Ag 
pen y y therefore Ee tg eee 
_ _mHse At m He Ce 212K 
Bir Kayne Suara Kae ne OUT Mae as 
And assume At deep sea where aie large, lanh7"3 | 
2 2 3 
25 eR ee) fee arch aie aeeet 
rom (56) bs The variations of P and Py are shown in 
Fig.-ll and Fig.-12. 
m Hg ly cooX 
U=> I+ — 
Ath, W't Kitimat -1} = 
Teg eT cose fy ey | 
21K Ag 
From (55) are 
| Tt J He Teo a HENS: 
| = — |} (1-2 -S er S 
ar 2K Ag 1 (Ji-St-S ) 
+K U-SYtana -(-H sea'8)] 
i ssi eal ovis Peete ee (55') ie Es 
2 KAs 2 ea a 
\And moreover assume ia mow 
y= Ee I [r=St-s ed's of aa is 
2 IK 0 10 80 30 4 50 60 7 80 te 


eee h-st cog $ 
aS + KU Slinat a ar 60) From (56'), & where U will have the 
K= 21 29K he TS _ migk te (59) max. value by the condition gv 29 ; 


2 m CP should satisfy the next 
} i NG ¢ formula. | | 2 
j*rom them — Bo (tent = zr) 
nl ESE = Pr O23.2(61') So that 
ANtinarw Comets 


tan’ x +2 tanrx— eel 1=O ..(64) 


Sue _ AMV, 
K= (aime ~ Tear eee 65) 
erin = and then the friction coe- 


fficient K from (59) can be obtained 
from the values of observation. 


AA 
The discharge % by the longshore cur- 
Ate tN rent in the region from the breaker 
“ line to beach is as follgws from (55). 


gatfty ae ie Fa 


Coda 
= HeAsde coer gae [1=5%_sc00'S 


Ee DA septa ea 
42h *9 Khe T2(I- ay, ox 


bf A mG 
Via ) 
Veto. ~ (Ji=$*-s cos’ )| ++ « aremnQiG6) 


°7 20 90 4050 60% 80 90° [9 10 20 30 “ 40 7 0 Wo" : 
‘ = a When S=<0,it becomes to 


Angle & derived from this formula is H he Coo 2m amegKHT 4 
indicated in the following table. alae eT =e aE A ae ie land — 
8a KT PA a 


K del 1 2 10 20 caine 
OX 74°30' 62°49' 55°13' 52°42' 50°43! The period T, wave length A¥ and wave 
Ty15 30 2711 34 A] 37 18. 39 AT height H¢ of breaker, the depth hy , 
IK 40 80 100 infinity angle O& ( angle between the wave crest 
od 4ag°ll' 48°01! 47° 42 45°00! line and coast line), the friction 
at 40 49 4159 42 18 45 00 coefficient on sea bottom K , bottom 
=~ 4 slope m and degree of breaking S 
iad vars ati oulis. chowntint Fis. 13. are contained in above formulas of long 
shore current. 
2 Among them, K and™ are the charac-— 
Figeats = aie! teristic factors of the coast, JT and 


can be estimated from the wind direc=- 
tion, wind velocity, retch and wind 
duration, and Agand Hare decided from 
ey and fg. The off shore waves will be 
decided from weather conditions. When 
these sufficiently developed waves pro- 
pagate with more supply of energy or 
with the frictional effect 9f sea bot- 
tom, they will break at once. These 

J, eonditions correspond to 1>S>0, and 
ve! 7 7 10 20 somemm ©° the breakers are defined as spilling 
breakers. 
When the off shore waves which does not 
sufficiently develop,approach the coast 


This results are considered to explain 
the reason of that in the experiment by 
Shay and Johnsorl}) the max. volume of and break all at once near coast, the 
littoral drift occured when the angle condition of this breaker corresponds 
between the direction of wave propaga- to S=O and the breakers are defined 
tion and the beach line was 30 Ge Ereos as plunging breakers. The boundary of 
This angle corresponds to the angle %--d spilling breakers and plunging breakers 
and K at this condition is contained has been studied by Iversen and Hayami <*) 
in |K = 1 to 3. Velocities of longshore current will 

From formula (56') that is for S=0, be large when the waves break near 


—~" 


| 
| 


oast corresponding to S=0. 
As above mentioned, the wave height and 
‘elocity of breaker can be obtained from 
lave period and depth, and the depth at 
reaker line hg and wave length Agfrom 
he wave height 2Qgand wave nerida’ TOL, 
the breakers. eine these values 
0 (55) or (56) , the velocities of 
ongshore currents can be obtained. 
Velocity of longshore current due to 
ob ts Eat bg 8 eda a 
f the decrease of wave height is defin- 
by 2Q(1-S) when the first breaker 2Q, 
ansforms to the secondary wave 2), 


prmula (65). The range of this current 
the sea from coast to = 4 
ore. On the constant slope of sea bot- 
m, the waves assume to propagate with 
6 angle O& between the wave crest line 
d coast line. 

e distance from the coast is defined 
x and the depth at its point asf. 

b then A= X A,= ™X 


| 

hen the wave height 20,= 2SQ), wave 
ingth Agand depth #, at ee ={, the situa- 
|an where the next breaker may occur 
11 be found as follows. 

The relation°of depth and wave height 

+ the time of breaking is 


te — fade LAA + Za coth kh 


P2a. a a ee 2 ka 

af 
1 Rh 1 C48 BAA Rh ieee 2_(1+enhkh) 
= Zale 


tanh* kh (3-2 tank Kh) 


5 Sete (68) 


Az = anh “Ke Se se 
ee n ig.-! : 
Xi tak BE can) 
epth= f, + AL= mx oj +h, = het, = m4 
; 2(me-oh) 5 
2A2r ey at 2 j tent TT re i: 
Phereford 2 tanh Oa ) 
re t-6; 
Ma = Ait iad eee ° 
ZGupeuiay Agen Brlnx=G) 
A\ ¢ tanh hy 


(nbd) 


2&2 S 
aaa —— -- (69) 
Fro ew) x | IN eo eth 
sats Cat =] tant 2th 
2nd h 
arias, 5 aera 2 = Tanfp lt Hy (ma 92) 


Substituting Ga into ie REE Raor 70 


2Q2  2Q, (Teck a Ombec) e 


Nn 20 rA2 
ae - 
— ye {tana Kmé- i 


hess Sag) 
Ga coth th a7 cath mt dj) 
Therefore tank &, om oH ra 


ey 
Accordingly 
2O2 _ 2a ah ute y(t 
A2 AS ST 
5 
ere = 2a, AE GES 
V2 FPASAZ A? 
And from 
Sp = = EE cath (mx- 0% )++(73) 


decan be obtained applying % and 2 
at known depth. pepe ean’ (70) in 
73 2 
a rargne = seep a eae? 

ey eee 8 
Then substituting this in (70) OT) 


ye wee w mee betty T} 


In this formula, use (72) 


Ores he: 
2 Az _ +4 20 ole Qid. 4 
F = = bar eee Km 3 —_— ean re 
= tank Eh 27 mx— 22 Re 
From (74) rea 16 is ig Teas 


Therefore where an won eeee( 199 


2 2 f= 
A 27 94 AT 
£R* = tanh * {m Sere Te \ Or substitute (7 i into (77) 
gt* 2 2 \ 
2m A2y 
Be cia ats olin) (aahey 27tAa yh 2 ¢, (2H Azy, 
When T ,Q)yAyy m, 9 and X in this formula 27a, ME. {1+8 (Fz)- 3(3T? aT?) fc fi (7 { 
are known, )2 can be calculated. So that 7 N= 22 omA22 
2@/Azis obtained from ee In the next “oT? | Vea 2(==F qT?) y 
we calculate X where will satisfy 
the condition of breaking (68) when the cosets see Orn 
waves propagate. (75) is the relation \,and X or depth 
The condition (68) means that when mH bicneraL ay» ee and bee 
2 PY VIS 2 2 known Al and (77) is the relation 
Ra= (1+ 9 tawh "Rh —3 tanh"hh)= (I+ tonh #h) of Az and X or depth mX when the wave 
tanh Rh (3- Cee am breaks. Therefore using X that satis—- — 
Seewtas fies (78) to the next formula | 
the waves break. Namely the waves ae ~ Ci: | 
where X satisfies the relation x. 27 Tanh X 4 ; 
Q 
2nd = f(tarA 4,h)= f {tanh & (mx-a)} ie EE fm x son} 
wages s the function of right side of 5 @ 
(68'). Azand Xor depth mx at the breaking 
From (10) and (75) point can be obtained. Or applying A2 
ere Ne. - that ase ee (80) to the next formula 
= tanh tigh = tens SE (mx nas 
aT? ii Sim 2) Ao= am {mx — ga AT? 20 \ 1} ..(81) 
Xr ao 
= Tank 22 ( mx sith, Such obtained X or depthmXis the si- 
Az 2AS tuation of breaking. 
(76) Substituting the known A, to 
= Tanh X eoeecoceverveere 2a,= 2a,( 4+ ye 
where azz? 
= 22 nx ge 5“) the breaker height can a calculated. 
A2 2X2 It is assumed that the initial first 
From (68') wave height of bageker, Hg=2 Qgana 
+ after breaking 2S8,4,¢=2Q, and then the 
cA IF oo U 
oor Ser (48 tank'X ~ Stok X ig ( toh secondary wave height of breaker after 
2 Az TanhX(3- —2 tank ) propagating the distance {- XK,is 2Q¢. 
X can be aieeee from (76) ana°(77); 17) In the next the wave height becomes 
Namely from (76) 25A =2 AQ, after breaking and then 2 Q¢ 
972 at breaking after its propagation. These 
-= —— tanhX relation ig indicated in Fig.-15 and is 
2th assumed to continue to the final break— 
Substituting this into (77) ing at the beach. 
ae 
2 ’ 2 4 2 : 
(2mFF A, AVE _ (Ir Stenkiy Stanly (Tinh) eae Fal Bra 
323 &F rag bee Wave Height 
is PPA AP ( tanh X) x Hgx2 Qog| 2a, ees tts 2 Ogee Xa 
i H 
ene Q, xt ave age 2a hy welt 
3 aa eae Tue ® (24 : 2s" 25, eg 
92 ie 2A,*25, Ag 
2 29,-25,4.4, 
oe Hanky) (14 Tonk 2X) Fig-18. 
3 —2tanh*X In order to calculate Az and X by (80) 


oeeeeesee(78) and (81) using the known values Ay ris T 


jandMm, we assume 


271 Ag | 
| Te =P, $406 66m S (82) 


me pk (201) _ Ox {luvgeenapt FX (1+ 62) 
| a Ssh Berek wate (83) 
| oh Aimx 712,2a,28; 
e Beane a, ra) 

vA 


GT ead Ata Cro’ DE), tieeeed (84) 
Applying the known values F, and al) ’ 

62 can be obtained by (83) , Azdy (82) 
and the depth of the breaker situation 
/mx vy (84). 
| These calculation can be conveniently 
‘carried out by the calculation dia- 
grams of Fig.-16, 17 and 18. 


al 
6. Fe x aS A oon 
(ar yy See ll te as 00 
7 ee BBE eses aa 
005 sara ASR aia 500 
Ee AGLI aa is 


oor oo 

Pt ttt 10 

mama a a sD Ya 
Leh IIE Aaa ae sl ee 


4 
/ 
vi ay%. BE Saws 


ane FF pee estt ey 


land transform (80) and (81) as follows. 
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Fig.-16 is the calculation diagram of 

(83) to ask for @,and A, from 6 and 5", 

Fig.-17 is that of the approximate y 

formula 6, = tank (en a) of (84) ta 
2 ( 


ask for mx=D, from A, and 6,, and 
Fig.-18 is that of (84). 

When the waves propagate from the open 
sea to coast, they usually breek their 
crests slightly and successively, and 
break violently at a shoal, then they 
become flat and grow their steepness to 
break again near coast. Therefore from 
these general properties of breakers, 
it is able to assume that the degree of 
breaking depends on the increase rate 
of wave height between one wave length. 

If the increase rate of wave height is 
given by I, the assumption can be writ- 


ten as Lae gs eeseeeeae Oo 


S= Get oe) 58 bow sec) 


' 
where S = degree of breaking. 
If in (81), Ayis the wave length when 
X =X, and ),xis one when X =X7\jyy 


ek Ph = 


127 Aix 
i oe 
| 2nArx 


} 2 
| av (88) 
here Q,;,7 and A, are the half wave hei- 
int, period and the wave length respect- 
wely at the known position before break- 
ing and here they are taken the values 
mmediately after breaking. 
By the wave length A,xat X, obtained 
om (87) and Acx from (88), the increase 
fate of wave height between one wave 
ength is ah ieee 

(45 


die ae a EYE... (89) 


nen I is small, the Rhee process of 
fave crest does not so much disturb the 
ircuit motion of water particles, that 
ter breaking the waves maintain their 
fritical steepnesses and at the next 
fest, the same increase rate of wave 
Psight will break. 

MS such all crests break uniformly and 
hightly and seem as the foaming sea. 
such state {-S=1-/ 


S= 2-1 = 2— (tye ---(90) 


— tanh2& 
a Aix 


=Tanh a (m&i-4 


nis relation is indicated in Fig.-l9. 


Fig. -/49. 


wen when the off shore waves are same, 
is not constant, for A,xandAzx depend 
pon X and bottom slope as shown by GST.) 
hen the successive wave heights between 
ne wave length are obtained by (87),(88) 
B89) and diagrams of (83) and Fee 
he degree of breaking is calculated, 
hese values can be plotted against the 
ottom slope and the wave steepnesses 
f off shore waves as shown in Fig.-20. 
y this figure, the boundary line of 
pilling breakers and plunging breakers 
ndicated by Iversen and Hayami's expe- 
iments , has been expressed by the 


ppm 4y 
Iversen and Haya: 
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boundary of S O region. And in the 
spilling breaker region, S approaches 
to 1 where it leaves far from the 
boundary line, and accordingly the 
state of breakers seems to be able to 
be expressed by the degree of breaking. 
When I is large, it is supposed that 
the energy of breaker disturbs the 
circuit motion of subsurface water and 
decreases the wave height. As it is 
considered that the nearer I is tol, 
the nearer S is to 1 and the larger 
than 1 I is, the nearer 5S is to 0, it 
will be written as follows. 
Srep( piel es 
where 7 is the constant number 
to be decided by experiment. 
When the waves coming from open 
sea to the coast break successive- 
ly, the velocity Ux of longshore 
current at distance X from the 
coast can be expressed by the 
tollowing formula by (55). 
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The velocity distribution of longshore 
current near coast will be indicated 
by (92). 
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8. Conclusion. 

The currents near the cozest consist of 
many kinds as described above and are 
flowing to the composite direction. 
Accordingly the practical observation 
method of these currents should be 
corresponding to its purpose. The ob- 
servation on the normal and calm sea 
surface is very easy and convenient for 
the measurements of the steady ocean 
flow or the periodic tidal current, but 
is not reasonable for the current due 
to wind waves. And the observations in 
the stormy weather near the coast are 
very difficult except that the longshore 
current at the plunging line can be 
measured by small floats®thrown from 
the beach and the measurement of wave 
height and wave length, etc. ina 
storm are so difficult that they are 
neccessary to be estimated by weather 
observations. For this purpose, the 
fundamentals of the wind velocity, its 
direction, fetch and durations in the 
typhoon region and the distribution of 
longshore current are described in 
this papers. 
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Abstract 


\Beach waves break in two types, 

@e one is spilling and the other is 
unging. The main factors which 
mntrol these breaker types are the 
'f-shore wave steepness and beach 
ope. In-a coordinate plane of beach 
-ope and off-shore steepness, the 
gion of spilling breakers is separat- 
L from the region of plunging breakers 
r a definite curve. In the present 
sper, this curve is obtained on the 
perimental basis and some of its 
plications in beach processes are 
»lained. 
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In various beach processes in- 
Luding beach erosion, beach sedi- 
ptation and the change of beach 
-ope, the role of breakers is very 
mportant. Beach waves break in two 
mes, the one is wave type and the 
fher is current type. 3) Usually, 

e current tyne breakers are called 
Lunging breakers and the wave tyne 
reakers are called snilling breakers. 
tcording to the author's investigat- 
om, 3) spilling breakers cause beech 
rosion, while plunging breakers 

ring beach sedimentation in a movable 
pach, so that in the study of beach 
processes it is essential to elucidate 
ne factors which control the tyne of 
peakers. Whena wave of definite off- 
tore steepness brealts on a beach, the 
rcumulation of energy causing wave- 
Peaking is considered to be due to 

ne decrease of water denth and the 
eflection of breatsers at the shore; 

b that the tyne of breakers will be 
Lso governed by tnese factors. As 

ne off-shore steenness and botton 
Lope are indenendent to each other, 
hile the reflection of breakers are 
ither determined by these factors, 

b will be reasonable to infer tnat 

he type of breaters is mainly 


| AIR dA RE ah ae ea ee 
‘*Abstract of two vapers in Japanese 
.), (2) cited in references at the 
Wd of the present vnaner. 


Type of Breakers, Wave Steepness and Beach Slone* 


» Kyoto University 


controlled by the off-shore steep- 
ness and bottom slope. These 
factors are all dimensionless 
quantity. 

The breakers in deep water are 
spilling tyne and take place when 
the wave steepness increases to a 
critical value. In shoaling water 
of small bottom slope, waves of 
small off-shore steepness breal in 
plunging type, whereas waves of 
large off-shore steepness brea’: in 
spilling type. With the increase 
of bottom slope, waves of large 
off-shore steepness tend to brealr 
in plunging type. So, in the 
rectangular coordinate plane 
representing the bottom slope and 
off-shore steepness, the region of 
vlunging breaters and thé region 
of snilling breaiers will be 
separated by a definite curve or, 
strictly speaking, by a definite 
transitional zone. uy Along this 
curve or within this zone, no 
erosion nor sedimentation occurs, 
in other words, it represents the 
equilibrium slone for a wave of 
snecified off-shore steenness. 

The determination of this critical 
curve or zone is not only imvortant 
for the study of breakers, but also 
has a fundamental meaning in a wide 
field of beach processes. In this 
paper, this curve is presented on 
the basis of exmerimental data. 


2. These years, H. W. Iversen 
carried out a comprehensive ex- 
periment on the brealing of waves 
in shoaling water, 5) among ‘which 
important data on the critical 
curve above noticed were included, 
tiough the materials were not so 
abundant and he did not explicitly 
stressed their inmortance in beach 
processes. The nresent author and 
his assistants also made the sane 
sort of experiment independently 
with him and supnvlemented his 
results. 


This exneriment was made in a 


= 


wave cnannel of Disater Prevention 
Research Institute, Kyoto University. 
[t-25.01 22m im Lengo, “la in heignt 
and O.75m in breadth constructed 
with iron frames and glass nlates. 
At the one end of the channel, waves 
of about one second in period were 
sererated by & pneumatic wave 
generator, wave steenness being main- 
ly controlled by a change of wave 
amlitude. At the other end of the 
channel, sloning bed of iron plate 
suovorted by iron frame was set un. 
In view of the slone of the ordinary 
sioreface, the inclination of the 
sloping bed was made variable a 
through the range from 0° to 3°. 
Waves in the channel were observed 
by five electrical wave meters 6) 
installed along the wave channel 
and were recorded by an electromag- 
netic oscillograph. The off-shore 
wave steenness was calculated from 
these records: ‘The tyne of brealers 
was judged by the nhotographs talzen 
at the instant of breaking, the tine 
of which was recorded simultaneously 
by the oscillograph through a syn- 
chronous contact of the nhotographic 
camera used. The judgement of the 
tyne of brealzers was made according 
to tho eriterion given by Suouet, 4) 
the double brea':er (double déferle- 
nent) was classified in the groun of 
spilling brealiers. 

the boundary of two tynes of 
realkers was not clear cut, indicat- 
ing the existence of transitional 
zone, the breadth of which was, 
however. mcLabively marrowsinsour 
exmerimcnt as well as in Iversen's 
exmeriment. The breadth of the 
transitional zone seems to be of 
the order of 0.002 in wave steepness. 
Taking the central value of the 
transitional zone as the critical 
wave steepness, the result of our 
experinent is shown graphically in 
Fig. 1 togather with Iversen's data 
The curve in Fig. 1 represents the 
boundary between svilling breakers 
and plungins breatcers. In movable 
beaches, sediments will be carried 
off shore by the waves above this 
curve and will be carried on shore 
by the waves below this curve. 


3. Tne transnortation of beach 
sedivients occurs in two: Girections, 
the one nvarallel to a snore line and 


7) 
7) 
u 
gs 
Q 
sy) 
ya 
rey 
Ww 
3 
od 
Sa0i[—* Iversen t 
° Hayami 
Sa a 6 


yas 
7 tke Cae © 
Bottom Slope 


ii ees 


the other pernendicular to it. 
Groins constructed nerpendicular 
to a shore line prevent the drift 
of sediment varallel to a shore 
line, but the efficiency of groins 
to prevent beach erosion will 
decrease greatly for the waves of 
off-shore steenness greater than 
the é¢ritieal steepness. 7) 

Different waves of equall off- 
shore steepness may have different 
energy according to their amplitude 
and frequency, so their effect on 
beech drift also differs according 
to their wave energy. If the 
tractive force of the currents 
associated with brealcers is not 
great enough to move beach sediments 
beach slone will not be affected 
by breakers. Beach slove will be, 
therefore, mainly determined by 
the waves of sufficient enerzy to 
move beach sediments. The fact 6,9) 
that the shore slope and the grain 
size of shore sediments both 
increase with the increase of pre- 
vailing wind force may be accounted 
for by this reason 

J. W. Johnson classified the 
beach in two tynes, one is 


normal beach, the other is stornr 
beach, the latter being character- 


ised by the fornation of off-shore 
sand ridges in contrast to the 
former weich has no such one, and 
nointed out that the off-shore 
steepness of the waves which 
separate these two tynes is 
0.025. 10) This interesting 
feature will be also exmlained by 
the same reasoning: As the slove 


about 


a se 
orf 
this Sek ee yolue 
snoreface ZONE, 2 nart of 
eee JONvS will be carried off 
| eposits in due vlaces, 
mol tine i. the formation of sand 
fees: Wille the preakers of vlung- 
p. vype hes | no such efiect, only 
Intaining the eaulibriun slope of 
B Benetace, 
The reason why the shoreface or, 
re generally, the continental shelf 
P a slope of 19-2*, has not been 
squately explained so far. Accord- 
Mm todis.U. Sverdrup, Li) OW. oHeetMunk , 
Neumann 12) and others, the 
reopness of a wind wave varies with 
p wave age and anvroaches to a 
tady value of 0.02-0.03 for wave 
' greater than 11.4, The swells 
inating oro such a wind wave 
\l also have a steepness of the 
re order. The observed slone of a 
mal shoreface seems to indicate 
it the shoreface is in equilibriun 
Ih regards to the action of such a 
fee). clmilarly, the observed slope 
the continental shelf will be 
ilained by the progressive rise of 
| level under the action of brea'cers 
ithe same kind. 
hen an artificial structure is 
istructed on a beach, original 
ifile of the beach will be disturb- 
mnder the action of breakers. The 
ie of this disturbance is sometimes 
mired. It will be scrutinished, 
we cormare the actual profile of 
beach with the original one which 
be theoretically infered from the 
a of es With the-aid of Fig. 1, 
2 - if he : aaa prorile is nov 
aes 
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chi for their kind Bee ekonce 
ughout the course of investigation. 
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PRESSURE OF THE BREAKER AGAINST A VERTICAL WALL 


Taizo HAYASHI*™ and Masataro HATTORI** 


INTRODUCTION in oscillatory waves. 


A knowledge of the wave pressure of the break- 


is essential to the design of breakwaters. Al- SYMBOLS 

ough only a few formulae have specifically been 

mublished for the wave pressure of the breaker L Wave length 

tably by Hiroi, Bagnold and Minikin, even among Leff Effective wave length of solitary 

he formulae primarily related to the clapotis wave 

ere are many formulae wherein the expression of Lequiv Deep-water wave length, equivalent 

e dynamic pressure of waves compatible to the f of effective length of solitary wave, 
ressure of the breaker is considered, the expression by Ippen-Kulin 

= the dynamic pressure of waves being H Wave height, crest to trough 

| Hequiv Deep-water wave height, equivalent 
Payn = 


ur 28 


s 
oe 
i 
ny 
. 
. 
rae 
= 
Y- 


of maximum solitary wave height, by 
Ippen-Kulin 


B60 sPayn 17’ w is the head of the dynamic Hy Maximum solitary wave height at the 


essure of waves, U’/ 2g the head of water at part of constant depth of experi- 


pact and f a coefficient. Although many mental channel 


mportant formulae for the wave pressure. are multi- E> Height of breaker at breaking point 


| Hy Height of break just bef i t 
rm, it will be seen that they can conveniently pb ead - hate hl) Ce Ore 


t tical alt 
classified by the expression ( 1 ) which is the DEIN, NE 


t Time 

sumption adopted for the derivation of the 
g Acceleration of gravity 
w Unit weight of water 
ie 


Density of water 


sormulae for the wave pressure. A summary of the 
sumptions used for the various formulae for the 


namic pressure against a vertical wall is listed 
: Uy Wave velocity 
Table 1 in order of their magnitude. The : 
; Uo Velocity of orbital motion of water 
rpose of this investigation of ours was to find 
particle at free surface 
erimentally the most reasonable value of the 


U Velocity of water at impact to verti- 
oefficient f in the expression ( 1 ) for the 
| cal wall 
Beeb Pp Pressure (gage pressure) 
; Po Absolute pressure of atmosphere 

Before proceeding with the experimental investi- 3 
‘ Pre ae on Payn Dynamic pressure (gage pressure) 

i limina: theoretical consideration 
es Preaeeeeeer te Pth Pressure due to thrust of jet (gaze 


cere made of the dynamic pressure of the breaker 
2 pressure) 


y veal from the existing theory of the dynamic 
i > 6 ea : f Coefficient of dynamic pressure 
nressure of a jet. 


Length of column of virtual mass of 
water 


amental investigation was done by 
a acl gs : d Depth of water 


the use of the breaker of the solitary wave in B65, 766 2 ‘ ry e494 ‘ 
al ep of water at wa and in fron 

irder to eliminate the undeterminable effect of eae : F i 

. of moun respectively 

‘he return current caused by the preceded waves b 
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3 Dr. Eng., Professor of Civil Engineering, Chuo University, Tokyo 


Wide J M., Postgraduate Student, Chuo University, Tokyo 


any Depth of water at the part of constant v Adiabatic constant of air 


depth of experimental channel M ’ Dimensionless coefficient in solitary 
dp Depth of water at breaking point wave ee by Munk, approximately 
c,, ¢, Velocity of elastic wave in water and (GHA a) 
wall, respectively Teff Effective period of solitary wave 
D Thickness of air cushion by Bagnold 
Dth Valve of D at p = pty s Beach slope 
TABLE 1 


EXPRESSION OF DYNAMIC PRESSURE OF WAVES ASSUMED 
AT DERIVATION OF VARIOUS FORMULAE FOR WAVE .PRESSURE 


Value of f in 


the expression 
Author T Expression of dyn. press. assumed Payn y? 
‘Ure wae 
Pdyn ye GAG 2 Cw 
6 y ae ei ene ll 
Betz (Germany 1936) — eee U Sa Z a 
2 
2 
_ Bagnold (England 1938) ess te 0.54 z 1.08 
iniki Payn.max eh Tl thes : di _, (m= 
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PRELIMINARY THEORETICAL CONSIDERATIONS wall by U, the rate of displacement of water 
mass toward the wall by Q, and the area direct- 
Let us denote the rate of travel of the crest ly subjected to the breaker by A (Fig. 1). The 
of the breaker just before impact .to a vertical velocity of water particles just before impact to 


a eS 
T as to the formulae for wave pressure reference was made to the literature ( 4 ) at the end of 
this paper. 
In tne ton-m-sec system. 


st 
Calculated from its original formula by assuming w = 1.027 ton/m? 


(a) Wave just before impact. ( b ) Wave just after impact. 


Fig. 1. Nomenclature for the analysis 


of the pressure of the breaker. 
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Fig. 2. An idealized case of Fig. 3. Virtual mass. 


| an air cushion. 


the wall will reasonably be approximated by v. 
kssuming the state shown in Fig. 1 (b) lasts equal to the area of the air cushion and of length 
fteadily for a moment and neglecting the pressure K (Fig. 3). Then, for the motion of the mass of 


pon the upper part of the wall above area A, the water 


Q 
£ 


hole thrust Ptp upon area A is approximated as pak apes Gepeptetpa) ‘maak Cal ba) 


| Ey Sah Ce Oe, 
th g and for the pressure of the enclosed air 


ind the average pressure pty}, 25 


Dey 5 
Pth w U2 Dit ’pg-= ( Pep th Pooley 8) so 6 om) 
| pee SS zat ) D 
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| where p is the gage pressure of the enclosed air, 
In order to take the effect of the air cushion P, the absolute pressure of the atmosphere, Dty 
pnclosed between the breaker and the wall into the value of D at p = py, and % the adiabatic 
account, let us consider an idealized case shown constant of air. 
in Fig. 2, where a breaker has made contact with Putting 


che wall and has enclosed a cushion of air whose 
, Dn, S32) 6S bee cop oO 60 oO oy dg LO aeee®) 
rea and thickness are @ and D, respectively. 


Near the wall the direction of the fluid velocity in the above equation and expanding the equation 


is almost upward, the horizontal component of the in a power series of x by assuming x < D4), 


velocity being almost zero. However, due to the we obtain 


volumetric change of the air cushion, even near the x 
P + Po = ( Pth + Po ) (1 + TO SS ) 


Wall a slight horizontal component of velocity u is th 
induced, which is given by dete Sane Ge er he 

_aD ay Ge 8-8 7 ve eee fF mete Substituting ( 4.a ), ( 4.d ) and ( 4.e ) into 

dat (4.b), we obtain 
) 5 
As assumed by Bagnold. let us assume the virtual o 
dais eG bey yee oF 1) 

nass of water which is associated with the volumetric reas ee Lila oe (4.#£) 
bhange of the air cushion in the equivalent form a 
pf that of a column of fluid of cross section On integration of the above equation we obtain 


x = 
ere ( Bee.) 


from equation ( 4.d ) and ( 4.a =! 
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and from equation ( 4.e ) 


Tfa=B)) 4 


ein S(Ant+P,) 
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In order to determine the integration constants 
A and B in the above equations, let us next consider 
the initial conditions: 

The pressure of the air cushion at an instant 
can be regarded to be in equilibrium with that of 
surrounding fluid p;y- However, through many 
air budbles between the air cushion and the free 
surface (see Photo. 1), a passage may suddenly and 
for a moment lead from the air cushion up to the 
free atmosphere (Fig. 4), by which passage the 
pressure of the enclosed air is suddenly released. 
As soon as the pressure in the passage of the air 


as well as that of the air cushion is released to 


relevent 


Photo. 1. Breaker just at impact. 


Fig. 4. An air pipe. 
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Fig. 5. 
in the air cushion. 


Pressure variation 


less than that of the surrounding fluid, the 
passage is closed with water and the air cushion 
is again under compression of surrounding water. 
Let us take the origin of time at the instant 
when the passage is thus closed. Then as the 


initial conditions we have 


and «ues Or hye. « 


Then on account of the initial conditions and 
by the use of equations ( 4.h ) and ( 4.i ), we 
obtain 

— Dir 
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Hence, from equation ( 4.e ), we obtain 
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whence we have 


Prax = 2 Pth © © ©) oe = 0 aeite oo) 1 CN ae) 


As is obvious, the pressure variation given by 
eq. ( 6 ) is as shown in Fig. 5. 
eq. 


conclusion the relation 


Substituting 


(3 ) in eq. (7 ), we obtain as the tentative 
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Pmax = eG ROR Sta. e's etre 


and therefore the value of f in the expression 
C2) as 


It is to be noted that the fundamental 
equations ( 4.a ), ( 4.b ) and ( 4.c ) are almost 
the same as those used by Bagnold” except the 

It should 
also be noted that the initial conditions are the 
very difference, as the result of which difference 


the present theoretical consideratious may be 


difference that py, stands for po. 


| 
| 
bfined as that which deals with an different 
Bpect from what was dealt with by Bagnold. 
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| EXPERIMENTAL EQUIPMENT AND PROCEDURE 


The wave tank is shown in Fig. 6. 


if reinforced concrete 14.03m long, 1m wide and 


It was made 


_|] The alternative position 
' of the wall 


0.86m deep. The observation section, 10.27m 
long, was made of 6mm armour-plate glass in panels 


0.86m by 1.26m. 


In order to eliminate the undeterminable 
effect of return current caused by the preceded 
waves in oscillatory waves and to investigate the 


purely dynamic pressure of each wave in oscilla- 
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Fig. 6. 
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Fig. 8. Schematic diagram of the 


recording equipments for the wave pressure. 


The case where the beach slope was 0,069 or 9.944, 


Wave tank (dimensions in m). 


tory waves, the solitary wave was generated by 
means of the sudden drop of a plunger 0.90m long, 
0.99m wide, 0.60m deep. the front surface of which 


consisted of a parabolic curve. 


The solitary wave was driven forward along a 
level floor, made to break, by means of a sloping 
beach, against a vertical wall, beach slope being 
0.088, 0.069 or 0.044 in the course of 


exneriments (Fig. 6). 


Five calibrated pressure cells were 
mounted in the bulkhead representing the 
vertical wall against which the waves 
were to break. The sensitive surface 
of the cells 44mm in diameter was flush 
The 


pressure cells designed and mace at 


with the surface of the wall. 


Kyowamusen Kenkyujo Company consisted of 
a diaphram and a supporting rod on the 
sides of which wire strain gages were 


attached (Fig. 7). 


tha The pressure variation thus picked 
A.C. 100V 


up by the cells was conveyed to a six- 


element oscillograph through an amplifier 


(Fig. 8). 


The motion of the breaker just before and after 


the impact to the vertical wall was taken with a 
16mm Bell and Howell motion-picture camera at its 
maximum shutter speed of 64 frames per second. 

By means of switching on and off an electric lamp 
taken photographically in the motion-picture as 
well as led electrically to the oscillograph, the 
motion of the motion-picture was synchronized to 
that of oscillograph. By the examination of the 
frames of the motion-picture after developing the 
film, the speed of impact of the wave, the height 


and depth of the breaker, and so on were studied. 


The solitary wave off the beach slope was 


recorded also photographically by 35mm Canon camera. 


EXPERIMENTAL RESULTS 


A typical oscillograph record and the 
corresponding motion-picture of the impact of a 
breaker erclosing a thick air cushion are shown 


in Fig. 9 and Photo. a2. 


The longitudinal lines on the oscillogram 
show the instants when the pictures were taken, 
the number enclosed by a circle in the oscillo- 
gram corresponding to the picture of the same 


number. 


At pressure ceil B a sharp initial rise of 
pressure was followed by @ second longer period 
during which high pressure was maintained, that 


being the same as reported in the previous in- 


f F 5) 
vestigations, notably by Larras, Rouville, Besson 


and Petry mandeBagnouds wfateeetia te plana 
smoother variations of pressure were recorded, to 
which type of pressure variation our preliminary 
theoretical considerations were concerned, 


whereas the theoretical considerations by Bagnold 
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Fig. y. vuscillograph record of the breaker 


corresponding to the pictures shown in Photo. 2. 


| 


Jiiefly concerned with the initial shock pressure. 


Ses ieSN 


t = 0.024sec. Upon pressure cell Ba sharp 


t = 0.01l2sec, instant just before the 
impact. Any pressure cell has not yet initial rise of pressure has already passed off 
felt any pressure. and high pressure of a longer period is acting. 
Upon cell C similar pressure is acting. Upon 
cells D and E pressure is rising. 


| t = 0.057sec. Upon pressure cell A t = 0.05l1sec. Pressure upon each pressure cell 
| relatively high pressure is acting, but has almost vanished. 

upon cells B, C, D and E high pressure 
| is vanishing. 


t = 0.130sec. Much spray is bursted up- t = 0.195sec. Formation of spray has almost 

wards, while at each pressure cell deceased. 

pressure has already vanished except 

hydrostatic pressure. ; 
hoto. 2. High speed motion picture of the impact of a breaker, enclosing a thick air cushion, 
gainst a vertical wall. (The width of each white or black band of the scales is len. Still 
ater level was at the upper line of the horizontal scale, the initial depth just in front of 
he wall being 4cm. The center of the five pressure cells A, B, C, D and E were at 25.50cm, 
9.90cm, 14.47cm, 9.00cm and 3.54cm, respectively, above the still water level. Test number 
hown in Table 2 is 9.) 
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t = 0.014sec. Just before impact. t = 0.028sec. Upon pressure cells D and E 
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a sharp initial rise of pressure has al- 
ready passed off. 
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t = 0.158sec. 


Photo. 3. High speed motion picture of the impact of a breaker, enclosing a thin air cushion, 


against a vertical wall. 


(The width of each white or black band of the scales is lcm. Sti11 


water level was at the upper line of the horizontal scale, the initial depth just in front of 
the wall being 43.3cm. The center of the five pressure cells A, B, C, D and E were at 26.60cm, 
20.90cm, 15.30cm, 9.70cm and 4.50cm, respectively, above the still water level. Test number 


shown in Table 2 is 69.) 


Another typical motion picture and the 
prresponding oscillogram of the impact of a 
reaker enclosing a thin air cushion are shown 
Photo. 3 and Fig. 10. As was reported in the 
notably by Bagnold~? , 
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sD 


7 
revious works, Ross 
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pedayc the initial rise of the pressure was 
very sharp, at pressure cell D at this case, 
pressure at every pressure cell consisting of 
sharp waves, to which our preliminary theoreti- 


cal considerations were not concerned. 
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Fig. 10. 


Necessary data covering the entire range of 
he experiment are shown in Table 2 at the 
jppendix. 
In the table, the effective length of the 
gy 
blitary wave was given by Munk's formula 
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Mart 


Leff 


he period of the periodic waves equivalent of 


9) 
he solitary wave by Bagnold-Munk's formula a 


—33— 


Oscillograph record of the breaker 


corresponding to the pictures shown in Photo. 3. 


and the wave length and wave height of the deep 
water oscillatory waves, equivalent of the 


effective length and the height of the solitary 


wave, respectively, by Ippen-Kulin's formulae!” 
A qtecl 

= es 

Lequiv Lore coth 
eff 
and i d 1 
ete Ne 47a T dy [2 

= t ee 1 4 cosech —- 
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Fig. 11 shows the relation between the dynamic 
pressure and the velocity head, both being of 
breakers at impact. In this figure both the 


shock pressure, if any, and the maximum pressure 
except the shock pressure, at each run, are shown 
with different symbols” and compared with theo- 


retical curves. 


Fig. 11. 


the velocity head, both of breakers at impact. 


It has’ been observed that the shock pressure 
varies enormously from test to test, it often 
being much larger than what is given by theoretical | 
curves. However, as far as the maximum pressure | 
except the shock pressure is concerned, it 
scatters somewhat nearer the theoretical curve 


given by p/w = 2 U*/ g. 


Relation between the dynamic pressure and 


SUMMARY 


The wave pressure of the 


breaker was investigated both 


theoretically and experimentally. 


SYMBOLS Beach slope 
0.044 10.069 | 0.088 

Initial shock press A x 

if any 

Max. press. except eS a 


the initial shock | 


The theoretical considerations 
were concerned with a different 
aspect from the initial shock 


pressure which Bagnold dealt with. 


p/w 


x 


rise at pressure cell B and the maximum pressure at cell D 
were plotted in this figure, the latter being the maximum 
pressure among all except the initial pressure rise at cell 


B. 


“That is, as to Fig. 9, for example, the initial pressure 


The tentative conclusion of the 
theoretical considerations which 
was led from the existing theory of 
the stationary jet was p/w = 

2 U*/ g, where p / w is the maximum 
pressure of the wave with longer 
period other than the initial shock 
and YU the velocity of water just 


at its impact to the vertical wall. 


Experiments were made and 
compared with the tentative con- 
clusion. At the experiments the 
motion of the breaker just before 
and just after its impact toa 
vertical wall was taken with a high 
speed motion-picture camera while 
its pressure on the wall was record- 
ed with an oscillograph. In this 
way it became possible to examine 
the process of the pressure vari- 
ation of the breaker on the wall 


also photographically. 


The result of the experiment 
shows that the initial shock 
pressure varies so enormously from 
test to test that it almost seems to 
have nothing to do with our theo- 
retioal considerations. Whereas, 
as far as the maximum pressure of 


the wave with longer period other 


SRY yes 


Thus, although data are stiii insufficient 

{ establish definitely the relation between the 
fessure and the velocity head of the breaker at 
impact to a vertical wall, in view of both our 
peoretical conclusion and our experimental result 
| propose as a tentative conclusion of the 


besent investigation the relation 


p 2 y* 
w 


ith formulae being the same as or close to what 
ive been ‘adopted notably by Lira, Trenjukhinn, 
jillard and Molitor. In comparison with the 
iced ond of ours the formula of the breaker 
Hiroi gives the pressure of the breaker of 


fsufficient magnitude. 
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Table 2. DATA OF EXPERIMENT. 
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Massachusetts Institute of Technology, 
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al 2218 .460 4.74 .233 .049 1.74 .088 
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Experimental Study of wave Rum-up on Sea Wall and Shore Slope 


by Seiichi Sato, Dr.Eng. and Tsutomu Kishi, Dr.—ng. 


(Contribution from the Public Works Research Institute P 
Ministry of Construction) 


Synopsis. In the first part of this 


| paper, wave run-up on sea wall with 


Slope of 1 : 2 was discussed. Wave 
run-up considerably increased in 
height comparing with that on vertical 


_ wall and was more sensitive to wave 


steepness and water depth. Additional 
experiments were carried out te evalu- 
ate the effects of parapet wall set on 
sloped wall, In the second part, wave 
run-up on foreshore with slopes of 1 : 
9 and 1 : 17 was studied, Run-up on 
1 : 9 slope were more sensitive to 
wave steepness than 1 : 17 slope. 


Definitions used in this paper 


R_ : Run-up height above S.W.L. 
(Without parapet) 
R' 3 Run-up height above S.W.L. 
(With parapet) 
: Height of deep water wave 
Hs : Wave height at the shoreline 
: Breaker height 
Lo : Length of deep water wave 
(H/L), : Steepness of deep water wave 
' or initial steepness of wave 
h : Water depth at the toe of slope 
h/L,: Shallowness at the toe of the 
slope 
Ir : Horizontal distance of wave 
run-up on foreshore, i.e., dis- 
tance from shoreline to rmm-up 
limit 


I, Introduction 


Almost every year storm surges 
caused by typhoon attack our coumtry 
and greater part of shoreline are pro- 
tected by sea walls or revetments. 

Sea walls mostly consist of earth en- 
bankment with concrete covering and 
their surface slopes are generally in 
the range 1; 1.5~1: 2. 


Concerning run-up height on sea wall, 


it is thought that vertical wall is 
more favorable than sloping wall. How- 
ever, sloping wall has advantages of 
distributing the wave force and reduc- 


ing the score at the wall front. A 
series of experiments on wave run-up 
have been conducted by the Public 
Works Research Institute and experi- 
mental results on vertical wall was 
published in 1954 {1 In this paper 
character of wave run-up on slope of 
1: 2 was studied. 

Almost all sea walls are built on 
shore, Some of them are built on 
foreshore. In this case wave run-up 
on shore is one of the basic factor 
of structure design. From this view 
point, experiments were carried out 
on two model beaches with slopes of 
ub : 9 and ul 3 17. 


II. Experimental procedure 


Experiments were carried out in a 
wave channel 0.6m wide, 0,25m deep 
and 18.4m long. Waves were gener- 
ated at one end of the channel by a 
flatter and model beaches with slopes 
1: 9 and 1 : 17 were built at the 
other end. They were used for the 
experiments of wave run-up on shore. 
For the experiments on sea wall, 
slope of 1 : 2 was set on model beach 
with slope of 1 : 17. 


III, Results of experiments on slope 
ecine 


In these experiments wave periods 
were varied from 0.8 sec to 2.25 sec 
and initial steepnesses of waves 
covered tHe range between (H/L), = 
0,004 and 0,068. 

Run-up height R depends on wave 
height, wave period and water depth 
at the toe of the slope. In other 
word, relative run-up (R/L.) is a 
function of wave steepness (H/L), and 
shallowness (h/L,). Some examples of 
experimental results are shown in Fig. 
1 and data show relatively less 
scatter. Complete sets of experiments 
are shown in Fig.2. 


0.02 


004 


From the figure following three 
characteristics could be pointed out. 
(1) When wave steepness is maintained 
constant, value of R/Ho has its maxi- 
mum at certain value of shallowness. 
Such a shallowness decreases as steep- 
ness becomes small. Y 
(2) When shallowness is maintained 
constant, value of R/H, is considerab- 
ly sensitive to wave steepness, es-. 
pecially for smaller shallowness. 

(3) When shallowness is larger than 
0.08 value of R/H, becomes ill sensi- 
tive to wave steepness and seems to 
converge to a constant value. 


1) Relation between the maximum run- 
up (R/H,)max and wave steepness 
0@ 


Relation between (R/H, )max and (H/L), 
obtained from 2 is shown in Fig.3 and 


= 
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the smaller wave steepness becomes, 
the more (R/H,)max increases. For ex- 
ample, when (H/L)o =>@.01 the value 
(R/Hy max = 4,25, while (R/H,)max =2.1 
when (H/L)o = 0.07. Such a trend is 
remarkable especially when (H/L), is 
smaller than 0.02. 

Positions of sea walls where (R/H,) 
max occur at any steepness are shown 
in Fig.4. As shown in the figure 
(h/Lo) is linealy related with (H/L), 
and this indicates that values of h/H, 
which make (R/H,) maximum are constant, 
1.4, independent of wave steepness, 
This value is slightly greater than 
that of breaking point.” 
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2) Effect of wave steepness on wave 
run-up 
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To determine the effect of wave 
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steepness on wave run-up Figs 5 are 
prepared. In Figs 5-1-4 relations 
between R/H, and (H/L), are show for 
several Shallownesses. As pointed 
out by 0.Sibul, ” 4t is noticed that 
there exist certain value of steepness 
which makes (R/H,) maximum at any 
shallowness. Such values of steepness 
are to be identical with those given 
in Fig.4. 

Effect of steepness is remarkable 
when shallowness is small and it 
gradually weakens as shallowness in- 
creases. And when shallowness is 
larger than 0.12 R/H, has almost con- 
stant value, 2.0. 


IV. Effects of parapets on wave run-up 


Effects of parapets on wave run-up 
were studied by setting parapets on 
slope 1: 2, Three parapets were used 
in this experiments and they are shown 
in Fig.6. 

Wave height at uniform depth 25cm 
was 7cm and various wave steepness 
was obtained by varying wave period. 
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Run-up height R' was determined by ob- 
serving the critical height where wave 
began to overflow the parapets. 
(1) Height of parapet 

The values of ratio (R'/R) corre- 
sponding to these three parapets are 
shown in Fig.7. The values (R'/R) 
with parapets 1 and 2 are about 0.5~ 
0.6, namely run-up height can be re- 
duced to about half by these parapets, 
while those with parapet 3 are about 
0.8~1.0 and effect of parapet 3 is 
not noticeable. Relative heights of 
parapets, (Rp/H.), and 1.89, 1.96 and 
0.75, respectively. And from the 
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above results, it is estimated that 
parapets have considerable effect to 
reduce wave run-up only when their 
height exceed incident wave height. 
(2) Shape of parapet 

Parapets 1 and 2 have nearly same 
height but are different in their di- 
rection angle 4, For parapet 1 angle 
Bis 45°, and for parapet 2 it is 28°, 
In Fig.7 difference of run-up heights 
with these two parapets is small. 
This may indicate that angle 4 has 
relatively less effect to reduce wave 
cun-up. 


V. Wave run-up on foreshore 


Experiments were carried out on 
model beaches with slopes 1 : 9 and 
1: 17.. Initial steepnesses of waves 
were varied from 0,003 to 0.06. 


1) Wave run-up 


By preliminary plots, run-up height 
R was found to depend on breaker 
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height Hb and wave period. So that 
results of measurements are shown in 
Fig.8 which gives relations between 
(R/Hb) and (H/L)o. In the case of 
slope 1 : 9 (R/Hb) increases as (H/L), 
decreases. For example R/Hb = 1.0 
when (H/L)) is 0.003 which R/Hb = 0,5 
when (H/L)) = 0,04. 

In the case of slope 1 : 17, on the 
other hand, (R/Hb) are generally 
smaller than the former and have near- 
ly constant value independent of wave 
steepness. 


2) Wave height at shore line Hs 


Wave height at shore line Hs is an 
important factor in the detailed study 
of run-up. Hs, also, may depend on 
breaker height, wave steepness and 
foreshore slope, as wave run-up. Re- 
lations between (Hs/Hb) and (H/L), for 
two slopes are shown in Fig.9. In the 
case of slope 1: 9, (Hs/Hb) remarka- 
bly varies with wave steepness and it 
increases as steepness decreases, 
While in the case of 1 : 17, values of 
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(Hs/Hb) remain almost constant inde- 
pendent of wave steepness and their 
mean value is smaller than the former, 


3) Attenuation of wave height on. 


foreshore 


Attenuations of wave heights on 
slope of 1 : 9 are show in Fig.10. 
_ Wave steepnesses used in the experi- 
ments vary relatively wide range be- 
tween 0.008 and 0.04. However attenu- 
ation rate shown in Fig.10 seems to be 
represented by a curve regardless of 
various steepnesses. And it may be 
concluded that wave height at any 
point of foreshore is lower than the 
line which connects wave crest at 
_ shore line and run-up limit. 
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VI. Conclusion 


(1) Wave run-up on slope 1 : 2 is 
generally greater than that on verti- 


cal wall. 
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(2) When wave steepness is maintained 
constant, value of R/Hy has its maximum 
at certain value of shallowness. Such 
the shallowness decreases as steepness 
becomes small. (Mig.3) 

(3) When values of ratio (h/H)) is 
1.4 relative run-up (R/H,) has its. maxi- 
mum independent of wave steepness. 
(Fig.4) 

(4) Effect of steepness on wave run- 
up is remarkable weakens as shallow- 
ness increases, And when shallowness 
is larger than 0.12, (R/H,) has almost 
constant value 2.0. (Fig.5) 

(5) Effect of parapet on wave run-up 
is appreciable only when its height 
exceeds incident wave height. And 
difference in shape of parapet is re- 
latively less effective to reduce wave 
run-up. (Fig.7) 

(6) Wave run-up on foreshore with 
slope of 1 : 9 is sensitive to wave 
steepness and it increases as steepness 
decreases, On the other hand run-up on 
slope of 1 : 17 is not affected by 
steepness, (Fig.8) 

(7) Wave heights at shore line are 
shown in Fig.9 and they show similar 
trend to run-up height. 

(8) Attenuation of wave height on 
foreshore with slope of 1 : 9 seems to 
be represented by a curve independent 
of steepness. (Fig.10) 
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ON NEARSHORE CURRENTS 


— MODEL EXPERIMENT —— 


Teizo SHIMANO, Dr. Sc., M.J.S.C.E. 
Professor of Civil Engineering, University of Tokyo 


Masashi HOM-MA, Dr. Sec., M.J.S.C.E. 
Professor of Civil Engineering, Unversity of Tokyo 


Kiyoshi HORIKAWA, M.J.S.C.E. 
Assistant Professor of Civil Engineering, University of Tokyo 
i. Introduction 

Our land is surrounded by sea and its long coastline is under the continu- 
al actions of waves. This has necessitated the construction of huge protection 
devices along our coast. Sea walls, groins or breakwaters have been built to 
counteract the diseasters caused by high tides, Tsunamis, and beach erosion. 

As a means of ensuring the tranquillity of anchorage basin, breakwaters have 
become a common feature of most of the Japanese ports which are immediately ex- 
posed to the ocean, Jetties serve to facilitate the discharge of floods, the 
maintenance of navigation channels, and defense against waves. 

As a matter of fact, these hydraulic constructions cannot be fully effec- 
tive unless they are made compatible with the local requirements - particularly 
in relation to waves. Extensive research has been conducted by many coastal 
engineers which has contributed to solving some of the complications involved 
in beach-zone hydraulics. Primarily, this report intends to deal with the ef- 
fects of coastal jetties, i.e. to pursve the mechanism of beach erosion brought 
about by the existence of coastal jetties which were originally constructed to 
afford protection to a beach. An example of this may be seen at the Niigata 
coast. 

As waves shoal, their profiles are deformed by the effect of depth, the 
crest lines tend to be parallel to the shoreline by refraction, and they final- 
ly break releasing a large amount of mass transport which causes littoral cur- 
rent and, in most cases, littoral drift. The phenomenon takes on a vastly 


different aspect, however, when an artificial factor such as a jetty is employed. 


The waves may increase their heights by clashing at the jetty, develop their dis- 


turbance by the interference of reflecting waves, and further run along the length 


of the jetty and concentrate near its root, finally giving rise to a flow away 


from the jetty. The bed materials, disturbed by breakers, may be carried as lit- 
toral drift and cause erosion. On the lee-side of the jetty waves may undergo re- 
fraction as well, as diffraction and cause a seaward flow along the jetty which is 
essentially related to erosion and accretion of sand in the beach area. Any arti- 
ficial interference in a natural condition may cause an unbalance of the existing 
equilibrium and either erosion or accretion - at best local - may result. My re- 
search has attempted to clarify the fundamental aspects cf this phenomenon and 
contribute to minimizing the damage resultine from the construction of coastal 
jetties. 
2. Experimental equipment and procedures 

The wave basin used in the experiment was 7 m long, 2.5 m wide, and 0.4 m 
deep and was equipped at one end with a flutter-type wave generator which could be 
operated with a desired period and amplitude. At the other end or the basin was 
built a board model beach of 1/10 slope with its toe perpendicutar to the wave 
orthohonals. The depth of water was kept at 25 cm and the waves had periods vary- 
ing between 0.5 and 0.9 seconds. The converted deep-water steepness, §,, ranged be- 
tween 0.03 and 0.10. 

The jetty was simulated by a board placed verically in varying directions and 
lengths from the shoreline (Figure 1). However, the variety of the cases was re- 
stricted due to the lack of space. The flow velocities were measure by paner 


floats and averaged to obtain representative values. 
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3. Observations 

Remarkable differences were observed between tne two sides of the jetty 
(Figure 2). 

On the fron side the oncoming waves struck the jetty wall and reflected, caus- 
ing interference with subsequent waves and, as a result, strong local distrubances. 
The waves were also found to run alohg the jetty, break, and concentrate toward the 
root of the jetty in a state of turbulent flow. The manner of breaking and plung- 


ing of the waves varied sharply according to the direction of the jetty, i. e. the 


angle between the jetty and the shoreline, & , as well as to the characteristics 
of the coming waves. The accounts for the influence of reflecting waves. The 
breakers at the side of the jetty were considerably higher than those without a 
jetty, regardless of its direction. Figure 3 shows that the breaker heights also 
increase rapidly as the angle decreases. For od less than about 45° the breaking 
resembled that of a jumping wave, and there was % 
significant disturbance on the bottom. After 

breaking, the surface layer of the wave mass 

ran along the jetty far beyond the shoreline 


and then receded. The bottom layer was turned 


in the direction of the alongshores flow as 


shown by the dotted curve in Figure 2. No 


change was observed in the position of the 


breaker line. Before breaking, the wave mass Lo 


near the jetty was found to move in 2 direc- 


Fig - 3 
tion parallel to the jetty, but the infulence of the jetty was weakened as the 


distance 1rom it was increased, and the wave mass tended to move in a direction 
perpendicular to the shoreline. “However, this wave mass was abruptly turned at 
the breaker line in the direction of the alongshore flow, demonstrating the ex- 
tensive influence of the jetty. A fairly steady alongshore flow was observed in) 
the surf zone, its velocity was greater near the shoreline than near the breaker 
line. 

On the lee-side of the jetty wave diffraction was clearly observed and, st 
strictly speaking, it accompanied a refraction. Here the flow was directed to- 
ward the jetty and then ran seaward along it at a greater velocity. Near the 
root of the jetty was observed an almost fixed dead-water zone beside a disturb- 
ance caused by the interference of w2ves and flow. The diffraction was compli- 
cated because of the flow directed against oncoming waves. The brédker line was 
alsolnhottas simple as that on the front side of the jetty. It was imagined that 
a flow away from the jetty or a movement of a water mass oscillating perpendicu- 
larly to the shoreline ought to exist beyond the jetty, but this could not be 
confirmed because of the limitation in the beach length available, Eddies and 
zones where found near the tip of the jetty. 

The general movement of beach material may be estimated on the basis of the 
above observations. On the front side of the jetty the disturtances in the -bed 
materials near the breaker line may also be varied according to the direction of 
the jetty as well as the characteristics of the waves. The beach adjoining the 
toot of the jetty may be washed by the running-up of the furface protion of the 
wave mass; the range of washing in the vicinity of the root of the jetty may 


largely depend on the wave steepness, but the influence of the jetty direction 


must not be overlooked. An example is shown 3 
in Figure 4 where R,denotes the elevation 

above the still-water level for the jetty di- aa 
rection oad . The bed materials, disturbed 
by breakers, may be carried by the along- 
shore flow either along the bottom or in sus- 
pension. Consequently, without compensating 


beach materials supplied from some other lo- 


cation, erosion may occur. On the lee-side 
of the jetty erosion may start near the far- Fig - 4 

thest end of the area of influence of the jetty; the eréded materials may be 
carried toward the root of the jetty, or further along the jetty by a rapid flow; 
and the scouring of the jetty foundation may also result. The materials thus 
eroded may be either lost in deep water or accreted near the tip of the jetty. 

4, Analysis of the results 

. a) Characteristics of the flows on the front side of the jetty. 

As described in the preceding chapter, an. alongshore flow results from the 
waves progfessing perpendicularly toward the shoreline and the jetty placed on the 
beach at angles smaller than 90° to the shoreline. The size of this flow is re~ 
garded as being closely related to the amount of littoral drift. 

The size of the alongshore flow may depend on the angle between the jetty 
direction and the shoreline, A , the depth of water at the tip of the jetty, d, 
the beach slope, i, and the bottom roughness. Excluding the effects of viscosity 


and bottom roughness, the following relationship is obtained: 
eel Oats Son d/ Ho, v/ Gear ) = Orrrrrsetre scenes eee (1) 


where $,= H/Lo is the deep-water wave steepness, Hoy and L,denoting the 
deep-water wave height and period respectively; v/C, is the rate of the flow ve- 
locity to the deep-water wave celerity. We now proceed to examine the relation- 
ships between these non-dimensional factors on the basis of the experiment 
observations for the particular case of i#1/10. 

The cause of this flow is mainly attributed to the fact that the direction 
of the jetty does not conform with the orthogonals of oncoming waves, but it is 
also related to the amount of the mass transported by breakers into the surf 
zone. On the other hand, the waves are veered in the jetty direction, gq , in 
the vicinity of the jetty but this effect is gradually weakened as the distance 


from the jetty increases. Denoting the mean volume of the mass transported by 


breakers progressing perpendicularly to the shoreline by Qb , and the mean 
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volume of the mass which is veered in the di- SHORE LINE 


rection after breaking and reflecting at 


—_— 


! 
Vv 
the jetty wall by Qb, the following relation- 4 


-~ 


ship between Q,and Qmay be given (Figure 5): 


Qh’ = Qb- sink -F (aX, d/He, 80,4) ....62(2) 


Assuming that the effect of the jetty is confined within a avstance b, i.e. that 
there exists a uniform flow in the direction ad in the strip of width b im- 
mediately adjoining the jetty wakl, we can form the equation of continuity be- 
tween the flows alang the jetty and the shoreline, in a channel of a triangular 


section in the surf zone: 


Qb,d’ - b “ cos af =the ‘ly Prveygs*-pasgconsanaauaneammerinesiniennog 


where only the alongshore component of Qpq’ has been regarded as responsible for 
the slongshore flow; h denotes the depth at the breaker line, hb the width of 
the surf zone, i.e. the distance between the shoreline and the breaker line, and fp 
the density of water. 


Further, considering 


PCRAN inemrec el NS Pd oc eces eee) 


ied Caner eae Lb 


and 


L = Nb/ i treeceeceecrecseesecescetsceseneceecsest seeeeeeeees 55) 


we obtain 


egwlsaleielererovetoverereterer (OD) 


ae Ae eee | ; peehb ae 
ES ots) ie sind. coso.cot aie i-f 


where the subscript b indicates the valucs corresponding to the breakers. 
Putting b= bLoK  , and K =K f » and since Co=Lb/ Tb » Cusaleele.> 
and Th = To ,» we obtain 


ae - 2 (thy sind cos. cobh hb. 4 U K SREOSOOOI EO UDO TOR OU A: 
2 hb bb 


Since i = 1/10, equation (7) is reduced to 


2 = (til'sin 20 - coth 250. K AT COG TEL! 6) 
C, 40\ he Lib 
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In equation (8) Hy/hp , hp/Lb and C are determined by the deep-water character-. 
istecs, and v can be measured. K must be expressed in relation to the other 


factors and since it is non-dimensional, we may formulate 


Kee CS ay  A/ Ho) crtetreeeeccecececcscecess conseeeeeess(9) 


= 0.057 T= 0 70 sec 


Fig - 7 


Fig - 8 Fig - 9 


Examining the value of K by the experiment data, as shown in Figures 6. 7, 


8 and 9, K may be approximated by 


K =5.98e{(d/He) +1}: oP (S-CA ZH cepa mene ceteeCr0) 


where & is expressed in radians. Therefore, equation (8) can be rewritten as 


2 
B= 2 (ants cath’ (hg (4) bse eo) af fete eee) 


Our experiment data used in examining the values of K covers the range be- 
tween 0.9 and 0.3 for d/He and the data for the rensining range have been ex- 
trapolated for convenience and left for a future investigation. The data for 
the range between O° and 30° for have not been determined so that equation 
(11) only indicates the general trend of the phenomenon in this range. The 
factor K must also depend on i but it does not appear in the equati.n because 
it has been replaced by i = 1/10. It must be pointed out that the slope of our 
model beach was steeper than would actvally be round, and that the section of 
the alongshore flow is rather small. This fact must have resulted in the ob- 
servation of values of flow grenter than those actually expected. The effects 
of the beach slope should he examined by experimental procedures and for greate 


er accuracy the bottom roughness should also be investigated. 


Table - 1 


Table 1 shows the directions of the jetty 


for which the flow velocities attain the maxi- 


d/H, 
mum values for each different wave; it has d at v=moa wnile &, kept nonstant 
been diagramed in Figure 10. ‘The values for Iss co aO) 
CYAsrs a OR Ly and 5 were also computed for compaiison. os is about equal 
to 60° for 4/Ho = O and then gradually decveases witn an increase of d/Ho 


; Ores fe) 
Our exverinent has determined that the maximum value lies between hh and 55. 
This variation of a& is doubtful: it may converge to a definite value with «an 
increase in d/Ho . It is also doubtful that the trend found in the rigure 


can be extendec to the range 0 ¢ d/Ho ¢ i. 
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Figure 11, 12 and 13 show the relationships between v/C and do for three 
different talues of d/Ho 1.0, 2.0 and 3.0 where A is given as a parameter. 
The angles for which v/Co attains the maximum values corresponding to a par- 
ticular value of d/H, were determined in the preceding analysis, and here it 
was further found that v/C also attains the maximum values at §+ 0.06 for any 
angle A. This appears to result from the fact that the waves of higher deep- 
water steepness, extremely unstable and liable to breaking, may be subject to 
the effects of the jetty to a lesser degree. Considering that v/Cotends, on 
the whole, to increase with an increase of d/He, the maximum values of v/Co 
have been checked in rela- 
tion to each value of d/Ho 
for §=0.06, as diagramed in 
Figure 14. It shows that 
for small values of d/Ho 


the increase of v/Ce is rapid 


but that the increase of v/C, 


Aye almost ceases for approxima- 
Fig - 14 tely d/H=—3, signifying 
the existence of an asymptote. The influence of d/H, greater than 3 is notice- 
ably reduced, and the wave chracteristics and the angles seem to predominate 
instead. On the other hand, in view of the rapid increase of v/Cofor d/He< 1, 
it is estemated that the length of the jetty may be an extremely significant 


factor. 
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Figure 15 shows a comparison between the calculated and measured value 
which, despite a wide: saatter, seems to demonstrate the general trend. 

b) Reflecting waves on the front side 6f the jetty. 

Figure 16 shows the distribution of wave hights in the vicinity of the 
jetty where the zones of exceedingly large wave heights are clearly distinguish- 
ed from those of small wave heights. The rate of reflection, k, has been cal- 


culated with measured values with refernce to the following formula: 


Hmax — Hmin 


= Bele iarolau cisiaie's' sis ela lo/aie sisveisveie elsles owele eres eleiereleies (LS) 


Hmax + Hmin 


tf 50 190 150 
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Figure 17 shows the relationship between k andd. Nothing definite could 
be derived from this diagram; the assumed trend is given by the dotted curve. 
Further investigation is needed on this problem, 

c) Flows and wave-height distribution on the lee-side of the jetty. 

The flows and wave-height distributicn constitute the most outstanding 
aspects of the lee-side of the jetty. The lee-side of a breakwater is general- 
ly protected from the direct impact of waves but is not completely free from 
wave disturbances caused by diffraction. A number of studies are available 
on the problem of diffraction in the constant-depth basin, but not much has 
been done for the case of varying depth. Our case is further complicated owing 
to the flows clashing against the progressing waves, and therefore it cannot 
be fully explained only by diffraction. Figure 18 geves an example of the 
wave height distribution. 

We now proceed to consider 
the generation of flows along and 
toward the jetty (Figure 19). In 
the zone AB that is considerably 


removed from the jetty the waves 


are high and consequently the 


Fig - 19 mass transport by breakers is 


great; in the zone BC that is closer to the jetty the waves are small and so 
is the mass transport. Accordingly, the level of the zone ABB'A' generally ex- 
ceeds that of the zone BB'C'C, causing an inclinaticn of water surface and a 
flow, vi, toward the jetty. This may also give rise to a flow, vo, along the 
jetty to compensate for vj. Figure 20 shows the méan elevations of the zones 
which contain these flows, obtained by averaging the elevations of wave crests 
and troughs. The existence of an inclination of water surface, though not uni- 
form, is clearly dimonstrated, justifying the previous reasoning. Assuming that 
this inclination of water surface may be represented by I, i.e. that of the open 
channel, and denoting the still-water depth by H, the flow velocity v, may be 


1 
computed by analogy to the Chézy formula for mean flow velocity: 


y= CV hla s-<s eens ded cleteltteieie iejelevetelsisie o sien ere oiake oust epetereTel CLOD 
DEPTH 

Considering that the degree of both distur- @ = 
hance and resistance is much greater for an 4 
oscillating movement than for an open chan+ Gj 
nel flow, the value of © has been set at 20. ae 
The result is shown in Table 2, which indi- = 

= 


cates a fairly good agreement between the 


computed and measured values. 


Table - 2 


Madi s 
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MEAN WATER LEVEL 


DISTANCE FROM GROIN ROOT (Cm) 


Fig - 20 


A quantitative analysis has been madc 
of the generation of this water-suzface in- 
Clinaticn. Computing for the wave of s.= 
).094 and T = 0.52 sec, the equi-phasic and 
breaker lines have been obtained as shown in 


Ficure 21. A further computation of mass 


transports Qb at the points A and B, and of 
the elevations at AA' and BB' leads to the 


following results: Fig - 21 


= 54 — 


per unit width at A; 42.5 em@/sec, AA'=55 em, Ha =42.5/55.0= 0.77 em 
per unit width at B: 6.75 cm@/sec, BB'=15 cm, Hp=6.75/15.0=Q.45 om 


By subtraction, 3.2 mm is obtained as the difference in water levels which is 
nearly equal to the measured value of 3 mm. This result seems to justify the 
previous analysis of the generation of the inclination o% water surface. 

There still remain uncertainties cohcerning the relationships between both 
the size of the alongshore flow and of the seaward flow along the jetty, and 
the other factors. A methodical analysis has been impossible due ot lack of the 
necessary data; the results of the measurements are given for reference in Figure 
22 which correlates Vz and of , and in Figure 23 which correlates. vy, and vo thus 


seemingly satisfying the relationship Vi =Vo.- 


Fig - 22 


The wave-height distribution has been diagramed following three different 

procedures: 

1) Neglecting the water-surface inclination and assuming a uniform depth 
of water at the tip of the jetty, a preliminary diffraction diagram has 
been drawn with respect to the wave orthogonal and the direction of the 
jetty, as suggested By the diffraction theory. 

2) The preliminary diagram has been modified to introduce the influence of 
the depth on wave heights using a formula of the small-amplitude theory: 


H/Ho = (he/h)Asssessrssescesseecsseseceesens one o (UH) 


Where H and h are the wave height and depth of water respectively, and 
H=H, for h=h,. Since this fornula gives an infinitely increasing 
wave height, the position of the breaker line has been determined by 
locating the interssctinh point of the values given by the small- 


amplitude theory and the values computed form Dr. Sato's maximum 


shoaling wave height theory. 


For convenience the computation from the 


latter theory has been carried cut by tracing the values from the shore- 


line. 


3) The effects of the flows have been considered. The along the jetty de- 


creases in velocity as it maves away from the jetty, and at its bouhda- 


ries a progressing movement of water mass predominates. In applying a 


further modification to the wave heights the assumptions have been matte 


that the flow velocity linearly decreases form the jetty side to the 


edge of the flow width, and that the results of Yi-Yuan Yu' research on 


the breaking of waves by an opposing current is applicable to our case. 
The width of the flow has been adopted form the values obtained from 


the experiments. 


The theoretical and experimental curves employed in 


this computation are shown in Figure 24. 


CRITICAL Le/He 
FOR 


An example of the above procedures 
is introduced for the case of A=450, = 
0.051, T=0.72 sec, d=9.5 cm. Figure 
25 is a diagram drawn by procedures 1 
and 2. In applying the modification of 
procedure 3, the wave celerities C at 
various depths are obtained first for 
use in computing the corresponding 
value of -C/V. According to Figure 24, 
the breaking occurs at -C/V 4, while 
for -C/V larger than approximately 7 


Fig - 25 


Fig - 26 


the waves without breaking, undergo the variation of heights following the the- 


oretival curve. 


For -C/V ranging between 4 and 7 the actual curve departs from 


the no-breaking theoretical curve, presumably because of the partial breaking of 


the waves. 


Figure 26 has been finally obtained on the basis of the interpretations 
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of the above relations that the maximum shoaling wave height theory may be appli-~ 
cable to the cases of clear breaking, that the waves whose heights H obtained from 
the theoretical curve exceed the maximum shoaling wave hcight at the same depth 
may be regarded as post-breaking even for -C/V 4, and that the theoretical curve 
may be applicable to the remaining cases. Figure 26 shows a fairly good agreement 
with Figure 18, and seems to account for all the complications involved. Accord- 
ing to Figure 26 the wave heights are greater near the jetty and the breaker line 
is more complicated than in the case of simple diffraction. Strictly speaking, 
the effects of refraction should have been considerd but it has been omitted as 
negligible. 

The analysis is not complete, but the unresolved uncertainties remaining will 

be investigated in the future. 

5. Conclusions 

Althcugh handicapped by the inconveniences of th= experiment conditicns, 

some results have been obtained and they may be recapitulated as follow: 

a) The movement of beach material has been partially clarified by obser 
vation. 

b) The flows on the front side of the jetty have been found to depend large- 
ly on d/He , & , and the wave characteristics. For d/H > 3 the effects 
of d/He seem to be reduced, and & and the wave chracteristics generally 
seem to exert the most significant influences. For the same wave charac- 
teristics,° the velocity of the flow sharply varies according tog , and 
tends to attain a maximum for a larger as d/H, is decreased. According 
to our experiments where d/H» lay between 0.9 and 3.0, the maximum for the 
flow velocity appeared for lying between 55° and 45°, 

ce) On the lee-side of the jetty, the generation of flow has been clarified. 
The distribrtion of wave heights has been found to be subject to the in- 
fluences of diffraction, depth of water, and the wave-height distribution 
made on the basis.of these considerations has expiained the phenomenon 
fairly well. 
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EFFECT OF COASTAL GROINS 
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| 
“Introduction 
| Groins are widely regarded as one of the most useful means of protecting or building up 
Bech. Essentially, they are walls of various lengths placed inside the surf zone at various 
vances and are more or less perpendicular to the shore line. They are expected to influence 
“movenent of littoral drift and prevent erosion. They may be built with steel sheet piles, 
Ders, concrete blocks, rocks, asphalt, or other materials. When classified by their function 
7 roughly into three main categories: 
3) Permeable or impermeable 
>) high or low 
+) fixed or adjustable 

The impermeable groins are apt to cause erosion on the lee-side beach white a considerable 

retion of beach material can be expected on the up-current beach. This is characterized by 
-owth in the discontinuity of the shoreline on both sides of the groin. The use of per. 
yle groins is believed to compensate for the disadvantage of impermeable groins because they 
facilitate the passage of accreted material from the up-current to the lee-side beach and 


te a smoothly conneated shoreline. Moreover, when properly disigned the permeable groins 


can be built more cheaply. Wowever, there remain uncertainties: can the permeable structures 
withstand the powert'ul snocks of storm waves; and how effectively can they detain the beach 
material around then to prevent it from being washed away and lost in deep water by storm waves 

As long as there is no need to check the sand at the up-stream sides of the groins, the 
height of the groins should be kept as low as possible so that the storm waves or waves at high 
tide may surpass the groins supplying beach material to the lee-side. Consequently, the lower 
groins may resemble permeable groins and may also be built more cheaply. 

Most groins are of the fixed type. It is also reported that the so-called "adjustable 
groins" have been successful in Mngland (Case and Du-Plat -Taylor) .+ Their specifications are 
now unavailable for us but it is supposed tnat the height of these groins may be "adjustable" 
so as to keep it at a certain vaiue above the beach surface. 

The fundamental consideration to be made in the problem ot beach erosion is, primarily, to 

determine whether or not groins should be enployed. When this decision has been made, there 
next arises the need to determine the desired functions, i.e., the structure of the groins. 
Further, the lengths, imtervals, and alignnent of the groins must be determined because they 
should work in unison, As a matter of course these procedures of groin field design must be 
based on an adequate knowledge of the eftects of the coastal groin. In this respect American 
engineers have been developing a theory which suggests a criterion to anticipate a desired 
shoreline assumed to be perpendicular to the direction ot predominant waves as a basis for 
groin field design. In Japan we have not yet succeeded in providing an appropriate guidevfor 
design. Dr. Nagai, of the University of Osaka City, proposes” that the groins, whose most 
proper length is 40% of tne shoreline-to-breaker-line distance, must be aligned at an interval 
of three times the groin length and in a direction slightly inclined away from the dominant 
wave orthogonal and toward the lee-side. 

We have been impressed that the existing theories on groin design, for all their outstand- 
ing successes, seem to overlook the significance of the flowg influenced by the littoral curren 
as well as by the shoaling waves. his report is not to present design formulae for groins, 
but intends to point out that the flow patterns in the vicinity of coastal groins are far more 
complicated than has generally been realized. 

2. s#xperimental equipment and procedures 
The experiments were carried out in the model basin of the Transportation Technical Re- 


search Institute, Ministry of Transportation, at Kurihama; its working section was 10 m long, 
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_ wide, and 50 cm deep. At one end of the basin was built a mortar-coated beach of 1/15 
pe so that the incident wave crossed the bottom contour of the slope at 30°; at the other 
| of the basin a flutter type wave generator was installed which could reciprocate around the 
tom hinges. the depth of the water was kept at 30 cm in the constant-depth portion of the 
in throughout the experiment. At times "Onahama" sand (150 in mean diameter, specific 
vity of 2.64) or coal slugs (mean diameter of 200 “; specific gravity of 1.5) were used to 
ce the littoral drift or indicate the flow pattern. | 
The deep water characteristics were determined by resistance-type profile wires connected 
an oscillogyaph recorder, the height of the shoaling waves by a bar gauge equipped with elec- 
des fixed 1 mm apart and connected to neon lamps, and the current velocity by a propellar- 
e current meter consisting of four blades 25 mm in diameter and an axis 15 mm above the 
tom. The length of the groins was varied and the directions ranged from 45° to 135° against 
_ shoreline at oi intervals. Three different heights were used: 3 cm, 4 cm, and approximate-= 
20 cm (denoted by co) which was not over—-topped by any wave used in the experinient. For 
e runs the groins were flanked on both sides with rubble moda: and in order to simulate a 
meabte groin an iron crib 5 cm thick and 10 cm high filled to a certain height with glass 
is of two different diameters was used. All the model groins had the same thickness of 1.5 
except for the iron-crib type, and were made completely water-tight by seating on. sponge 
ts. 
The waves used in the experiments were selected so as to represent three typical cases 
sisting of a flat wave (a gentle wave), a steep wave (a storm wave), and a medium wave. 
ble 1) 


In. advance of the main runs of 


Table - 1 


the experiments, careful calibra- 


tions were made in order to deter- 
mine the nature of fluctuations of 


the waves available in this basin. 


For each representative wave a 2- 
ute record was taken of the height and period at the constant-depth water, 30 cm, and of the 
w velocities at the tip of the groins placed perpendicular to the shoreline, by an oscillo- 


ph recorder which was started 15 seconds after the first wave was generated. The results of 


the calibration records are given in Table II 


Table - 2 
and III- which show maximum deviations of flow 
DURATION] TYPE OF WAVE 


velocities and wave heights from the mean 


OF RECORD! 


values taken over 2 minutes. For Wave I the 


measured heights showed a considerable fluctu 
ations for the first 15 seconds of recording, 


tended to stabilize during the succeeding 1 


minute, and then finally gave way to a gradua 


but steady increase. This seems to result 


Table - 3 


DURATION) TypE OF WAVE 


from the fact that the waves of less steep- 


ness, i.e., longer or flatter waves, have a 
larger rate of reflection at the slope than 


the waves of higher steepness. For Waves II 


and III no remarkable fluctuations were ob- 
served except for an almost negligible swell extending over a period of 30 seconds. An exam- 
ination of the calibration records revealed that the flatter waves had more fluctuations and 
that precision of measurement could be improved by a longer duration of recording. It was con 
cluded from the preceding results that the recording of wave heights and flow velocities shoul 
be taken for 10 seconds beginning 30 seconds after tne first wave strikes the shoreline. The 
deviation in data expected from this procedure can be confined to approximately £5%, both for 
the wave heights and the flow velocities, which is satisfactory for the purposes of our experi 
ments. The deviation of wave period data resulting from this recording procedure was about 
40.5% which was practically negligible. The duration of recording the flow velocities was 30 
seconds using a simple ink recorder. 
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3. Distribution of the velocities of littoral current 


a, 395 treated the littoral current 


We can see numerous research papers already publishe 
on a flat, uniformly sloping beach where measurements were conducted using floats of potassium 
permanganate grains. Most of these studies failed to give the distribution of the current ve- 
locities in the surf zone, the stretch lying between the shore and breaker lines. We employed 
the propellar-type current meter for this purpose. The values obtained in extremely shallow 


water, where the propellar blades partly protruded beyond the water surface, had to be correct 


ed by applying modification factors found in extra calibration tests, but they seemed less 


lable as compared with the values which did not require modification. 


Figure I shows the relationship between ne 
VELO BY FLOATS 


id r, where: WAVE I 


20.5 cm/sec 
30 


WAVE II 26.1 cm/sec 


V is the velocity of the littoral 


current if WAVEII] 24.6 cm/sec 


ec is the-ratio (expressed as a percent 25 
age) of ¥ to L, where L' is the dis- 
tance between the voint of measurement 
and the shoreline, and L is the width 


of the surf zone. zo 


mean values obtained by floats are given 


comparison. ‘he general trend is for a wave 
\ 


\ WAVE LT 


p variation in velocities over the surfzone 


2 the maximum value at r= 30%. The values wave [11 


iselves seem so large that they may not be im- 


ately applicabel to field conditions without 


‘ious modifications. As a matter of fact, o : 

) 20 40 60 Ye) 100 120 
s issan ideal case which would not actually r=u'yu ew 
in, field conditions; most natural beaches Fig—1 


ess far more complicated bottom topographies characterized by long-shore bars, troughs and 
ren slopes, and fluctuations in the breaker characteristics. It is believed that these 
ors are interrelated and produce a distribution of littoral current velocities that is 
we for every beach. 

It was found in the experiments that a considerable amount of sand could be transported 
g the bottom at the observed velocities, the amount varying according to the location, 

e sand transported in suspension by littoral drift was all but negligible probably because 
waves used, generally small, were unable to produce disturbances strong enough to cause 
ension of beach materials. But in field conditions, the suspended materials would con- 
ute an important portion of the littoral drift, depending upon the deep-water wave steep- 
» Wave energy, and properties of beach materials. It must also be pointed out that the 
dimensional movenent of beach materials oscillating perpendicularly to the shoreline as 


as the critical limit of aroding and accreting waves must be influenced not only by beach 


es but by the grain size of beach materials.°*? 


These complications, together with other nunérous factors involved in surf-zone 


hydraulics, would dominantly influ- 


ence the effects of coastal groins 


and it is to this end that our °x- 


BREAKER LINE periments are directed. This con- 


LANE ne 
ye cee 
we 


stitutes the principal difficulty 


of model dtudies on littoral drift 
CONTOUR LINE 
and unless it can be overcome, the 
= 


LITTORAL CURRENT reliability of model experiments can © 
SS 


not be improved. It therfore appears” 


highly desirable to conduct a measure- 


- ment of the characteristics of litto- 


Fig—2 ral current in the field for a con- ~ 


siderably longer duration, at several 
fixed distances from the shoreline | 
toward the breaker line. 
4. Velocities and directions of flow at the tips of groins 
a) Single groin 

Each recording of the velocities and directions of flow was taken at a point slightly (5 
cm) seaward from the tip of the groin. The direction finder was a simple dovice consisting of 
a semi-circular protractor equipped with a rotating vane. An extreme fluctuation was found in 
the directions of flow measured with this finder; the flow deviated sharply in a direction 
parallel to the shoreline during the wave crests accompanying mass transport, while the flow 
was directed toward deep-water during the ensuing troughs. These two directions were measured 
and averaged to obtain mean directions, denoted by 8. The current velocities, denoted by é 4 
are given as the average of the values measured in the directions of B . Figures 3 and 4 show 
the results of the measurements for Wave II and the groin heightoo. In Figure 3 the curves 
give a fairly clear trend corrolating current directions, @ » and groin lengths, denoted by 
r = L'.L (4), provided that the precision of measurement. has been strongly effected by fluctu- 
ation in flow directions. ‘these results indicate that: 


1) as r increases, the flow directions tend to veer more and more seaward. 


2) there seem to exist two different types of curves represented approximately by @>90° 


fo) 
and @< 90 3; the trend of variation differs on both sides of @ coinsidine with the 

direction of oncoming waves; for @>90° a remarkable increase of 8 occurs with the in- 
crease of r until the flow is directed against the littoral current, while for 2¢90° the 


relationship of A and r is not as clear. 
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According to Figure 4, which relates flow velocities and @, an increase in groin length 
companies a decrease in flow velocities and for each groin length the velocity reaches a max- 
mm between 6=100° and 130°. 

Figures 5 and 6 show the results of the preedding analysis for the two components of flow 
ocities, denoted by v and u, perpendicular or pgyrallel to the shoreline, respectively. The 
~pendicular component, v, attains a maximum at approximately r = 75% and between &=100° and 
°. For a larger @ , the component v shows a greater variation with respect to r. On the 
ier hand, the parallel component u rapidly decrease as @ increases but is less than 90°, 

i for @ > 90° the trend is reversed. 

Tae observations made above were found to ‘apply also the the other cases of differnt 
es of waves, groin heights, and structures. 

Now, by corelating flow directions for the three different types of waves (1, iI, and 111) 
| groin heights (3cm, 4 cm, and oo ) with @ , it was found that the values are densely 
ttered around straight lines drawn through the middle of the plotted points, and that 


reases as proin geights are decreases, i.e.,in the descending order of co, 4 cm, and 3 cm, 


-65— 


probably because the overtopping water may cause a head of water on both sides of the groins 


accelerating the seaward flow on the lee-side. 


40 


30 


6° 
Fig — § ; 


Comparing the influences of groin structures, i.e., of permeable, imoermeable, and rubill 
flanked tuves of equal height, 4 cm, over the flow directions, little or no distinction was 
found to exist between them except that (9 became very slightly larger for permeable, rubble 
flanked, and impermeable groins in the order named. An example is shown in Figures 7 (a) aul 
(bd) tor the case P= 90° » where a thick straight line may be added to represent the general, 
moan trend of the plotted points. By checking the tangents of the straight lines, n, for ead 
value of @ , n was found to be correlated with @ in the manner shown in rigure 8 and, conse 
quently, in rigure 9. These results confirm that r may be regarded as a representative facto! 
of wave characteristics, and further that a depends upon r and @. 

The different flow-velocity trends in relation to r were found for the case of Wave II 
and 6 =90°, as shown in Figure 10, one for impermeable groins (denoted by A) and the other fo 


rubble-flanked groins (denoted by B). It was found that rubble-flanked or permeable groins 


© HEIGHT oo 


r % 

Fig — 7 
slightly more effective in inpeding flows at 
; tips than impermeable groins,. and that this 
i became outstanding with and increase in r, 
pugh the effects of the surf-zone geometry con- 
ing of r and @ seemed more pronounced than 
3 of the groin structures. On the other hand, 
r groins seemed to correspond to smaller veloc- 


; but this was not conclusive because of the 


irbances resulting from reflection and overtop- 
of oncoming waves. The influences of groin 


its may be regarded as secondary, however. 


Figure 11 is a non-dimensional expression of 


velocities dsigned to further clarify the 


ts of wave characteristics for impermeable % 


s o1 heightoo. The mean value, V, of the Fig —10 


current velocities measured by floats had to be 
adopted as the basis for non-dimensional ex- 
pression, q/V, since the other existing for- 
mulae of longshore current velocities seemed to 
involve uncertainties. Figure 11, in which non- 
dimensional flow velocities, q/V, are plotted 
against r in relation to @ , shows a good con- 
centration of points along a straight line. As 
@ increases from 45° to 135°, the tangent of 
the line gradually decreases and all the lines 
coverge at r = 20% trend was found for permeable 
groins. 
b) Two groins 

Independent groins are not fully effective 
unless they are deployed in numbers and in 
proper alignnent, 


Because of the lack in beach 


length available in the experiment basin, the 
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distaice between the two zroins was confined to three times the groin length. 


Figure 12 shows 


a comparison of flow directions at the two groin tips for the groin distances of one, two, and 


three times the groin length, where the Suffix 1 and 2 denote the upstream and downstrean 


is respectively. 
ihe scatter is considerable but it may be generally described: 
(1) B, > B> 
(2) With and increase in groin distance, 8, and ztend to converge. It has been a wide- 
ly accepted theory that the distance of groins should not be decreased below a 
certain limit, as might be the case in river froins, because the groin-tip flows 
may be directed more and more seaward with an increase in groin length. but the 
result of our experiment seans to conflict with this theory, 4n fact, the widening 
of groin distance reduced mutual interference between the groins, resulting in the 
convergence of 8, and 8. 
Figure 13 shows the relationship between the Sespeutitys ratio qo/q, and groin length r. 
‘low velocities at the tip of downcurrent groin are considerably lower than those of the 
‘rent groin, particularly for a larger value of r. Consequently, the velocities for the 
urrent groin would not be likely to return to those of a single groin until the two groins 
eparated far enough. It must also be added that the values of @, and fe are approximately 
_ to those of single groin. 


tharacteristics of flows and sand movement in the wicinity ot groins. 


Tne sloping beacn of the experiment basin was 
Lt 4 ee : covered in uniform thickness with sand or coal 
@ wave I . slugs and redistribution of these materials was 
Ae sketched after the waves washed the beach for 30 
09 minutes. 
a sf In considering the relationship between the 
littoral drift and the effect of coastal groins, 
pu the first factor to be considered must be the move= 
ment of teach materials along the bottom or in 


0.6 


suspension, which is immediately influenced by 


apo oe 
# =pahgaindaiys littoral current and flows resulting from theex- 
O 


istence of groins. Waves may come as the next 


problem to be considered. They constitute the 


ultinate cause of littoral current and flows, set 


bed materials in a state liable to suspension by 


turbulent action of breakers, and are also related to the change of beach topographies due to 
shore-ward and sea-ward movements of bec materials. Accordingly waves must be considered as the 
cumulative effect of all these factors, where also lies, as previously pointed out, the main 
difficulty of model studies on littoral drift. As a matter of fact, the results of our experi- 
mental studirs could hardly be called final, but they would only give findings obtained with due 
reflection to the preciding considerations. 

According to the results made clear in the experiments, it is stated in common to all three 
types of waves used; 

a) The effects of groins on the littoral current were relatively lessened by a smaller r. 
Complicated local changed in bottom topography took place but most characteristic was the appeare 
ance of an approximately continuous trougn lying in front of the tips of tne two groins. The 

/ 
longshore bars were curved near the groin tips due to the flows veered seaward by the groins. 

b) ‘The trough disappeared when r was generally greater than 40%. The flow near the tip of 
the upstream groin was diffused and decelerated, consequently dispersing the bed materials in a 
wide range. This range of dispersion extended, for a small groin distance, beyond the down- 
current groin, but remained between the groins for approximately r = 50% and the groin distance 
equal to twice the groin length. | 

C) A very complicated pattern of flows was observed to occur in the inter-groin field when 
separated heyond a certain amount. This flow pattern was found to consist of a circulating tlow 
directed against the littoral current near the downcurrent groin, and of a zigzagging flow tol- 
lowing a catenary slightly shoreward of the groin tips. The latter could be observed with the 
aid of coal slugs which tended to gather in this flow and were carried in the direction of the 
littoral current. This must have come to exist as a result of mutual interference of shoreward 
and seaward flows running out of the inter-groin field, and would probably prevent sand drift 
from reaching the shore. 

d) Remarkable scouring was observed at the groin tips. This was not so severe, however, at 
the downcurrent groin where the velocity of the gruin-tip flow was comparatively low (Figure 13), 
Scouring took place also along the groin sides which were directly exposed to rushing waves, _ 
and at the groin roots which were washed by concentrating waves. The damage of scouring at the 
sides and roots of groins varied with @. 


The results of the experiments led us to conclude that it would be far more realistic to 


nt on the contributions by flatter waves which would push up sand and nourish the beach, and 
water overtopping the groins which would accompany a part of the sand accreted on the up- 
Yen beach, than to expect the littoral current to transport sand drift in the inter-groin 
1d. It would unlikely to prevent the beach from being eroded by steep storm waves, but the 
of groins may alleviate the erosion to such an extent that the eroded materials could be 
mined within a certain distance of the beach to be carried back again by the flatter waves. 
a consequence, the groin length, r, should not be too small nor too large lest the seaward 
asport of beach materials (Figure 5) and the groin-tip scouring by breakers be increased. 
most disirable range of r is considered, therefore, to lie between 40 and 60 &%. 

It is true that groins, when separated too far, act: only independently, exposing the inter- 
in field to the damaging effects of waves, and that undesirable flows therefore result, ac- 
sanying movements of sand. It is also true that the groin distance must hot be arbitrarily 
aced for the beach materials which were carried séaward can hardly return to the inter-groin 
id. Moreover, groins, when placed too close, would only act as independent groins and result 
increasing the construction cost. Accordingly, the most desirable groin distance must lie 
reen these two extremes. The results of our experiments proved that this distance is related 
rroin length and that a larger groin length generally allows a decreased groin distance.® A 
“4 Cistance of three times the groin length is more desirable than one equal to the groin 
rth although the former is a little excessive. 

The effects of groins were further examined by comparing their directions at @=75°, 90°, 
105°. The examples are given in Figures 14, 15, and 16 which show the flow patterns in the 
nity of the groins separated twice their length, for the case of Wave III, r = 50%, and the 
ve different values of groin direction, 6. The phenomenon was observed with the use of sand 
coal slugs, but it must be noted that their redistribution, as shown in the figures, does 
necessarily represent the actual pattern of a deformed beach. For 0 = 105°, where tne waves 

the beach unimpeded, the velocities of groin-tip flows were found to be considerably\higher, 
the probability of erosion in rough weather seemed inevitable. Further, the rate of sand 
‘etion by flat waves, i.e., calm weather waves, seemed lower than in the other two cases of 
90° and 75°, the following facts were observed: 

) Scouring at the groin tips as well as along the groin sides was more noticeable at @ =75° 


presumably due to strikes by waves and to accelerated flows along the groins. 


me P 


WAVE ORTHOGONAL b) The upcurrent sides 


near the groin ‘roots 
were washed by con- 
centrating waves 
more severely at Qu 
75°, This shows the 
possibility of scour=— 
ing there in rough 
weather. 

c) When judged by the 
rate of aacueLiae in 
calm weather, @ = 90° 
seemed preferable, 
but @=75° showed 
less possibility of 
erosion in rough 


weather. 


Since groins are sub- 
7 
\ 


Az See - ject to strong influences 


Fig—I5 not only by flows but by 
waves, their directions 
WAVE ORTHOGONAL should not coincide with 
those of the oncoming waves, 
However, owing to the com- 
plications involved, the 
most adequate values of @ 
esnnot be simply determined. 
Although our examina- 
tion of the effects of 


groin structures were far 


from comprehensive, che 


ervations made in the experiments agreed with the general concept that permeable groins could 
credited, principally, for their effectiveness in building up a well-aligned beach. It was 
ther observed that rubble-fuanked or permeable groins are superior to impermeable groins in 
relerating flows and also in impeding the rushing waves along the groin sides. However, the 
rantage of rubble-flanked or permeable structures must not be accepted without due consider- 
1a In fact, the rubbles, which proved so effective against flows and waves, were rapidly 
tt ered at the groin tips by flows and waves. In order to make coastal groins fully effective 
i feasible, this type of structural difficulty must also be overcome. 

Conclusions 

It was strongly felt throughout this research that without field surveys laboratory study 

ld only partly contribute to an advancement in our knowledge of tne effects of coastal groins 
. more particularly, the problems concerning littoral drift. ‘the coastal groins involve far 
‘e complicated factors than the river groins because they are influenced by the inseparable 
ions of flows and waves. Our knowledge of river groins should not be simply translated to 
= problems of coastal groins, not should the influences of waves be under-emphaized. 

We have avoided attempting to draw any hasty conclusions from this laboratory research 


+h the thought that our knowledge, enriched by this research, sould be tested under actual 


aid conditions. 
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Experimental Study on the Equilibrium Slopes of 
Beaches and Sand Movement by Breaker 


Y, Iwagaki, Dr, Eng,, iyeto Cpe verea ty, 


T, Sawaragi, 


ynopsis In this paper, the basic re- 
earch of the equilibrium slope of beach 
nd the sand movement by wave actions, 
ontributive to the establishment of dy- 
amics in beach process, is treated, 

The effects of sands in grain size and 
he characteristics of incoming waves on 
he equilibrium beach were made clear by 
he experimental research at the Hydrau- 
ics Laboratory, Kyoto University and the 
ield observations at the Sen-nan coast 
nd the Amino coast, Japan, 


E Introduction 


Before the thorough investigation of 
2ach process as the combined feature of 
aysics of waves and beach materials is 
ttempted, the basic problems like the 
suilibrium slope of beach and the mecha- 
ism of sand movement due to breaker must 
> solved, 

_ It is of common observation that the 
afinite beach profile, assumed to be sub- 
tantially in a state of equilibrium, has 
sen reached by attacking of incoming 
aves of constant characteristics, And 
t is a significant problem that it makes 
ire whether the natural beach has the 
sostantial equilibrium fore or not, 
‘Since J, W, Johnsonl)(1949) publish- 
3 the experimental results concerning 
1e equilibrium slope of beaches, the sys- 
snatic experimental research projects of 
arge scale on the equilibrium slope vers 
sncucted at the Beach Erosion Board®/, 

It may be, however, said that there 
re still few engineering attempts to 
tudy the clear formulation of the dyna- 
ic significance on the equilibrium slope 
id the relationship between the equili- 
“ium slope and the beach erosion phenom- 
1a, Furthermore, the future development 
* this study is confronted with an ana- 
rtical difficulty because of the complex- 
yy of the dynamics of breaker and the 
ysics of sediment transport, 

The establishment of the relationship 
stween the dynamics of sand transporta- 
on and the characteristics of waves, the 
lation between the movement of beach 
iterial and the resulted variations in 


bottom elevation, the effect of grain size of 
beach material on the variation of bottom ele- 
vation and the critical water depth for sedi- 
ment transportation, defined as the depth 
where the rate of transportation of sands 

will be suddenly changed, are considered as 
the first step contributive to the further 
progress of beach process in coastal engi- 
neering, 

In this paper, at first, the experi- 
mental results on the equilibrium slope of 
beach in cases of the beach material with 
size frequency curves shown in Fig, 1 are 
compared with the experimental results of 
University of California and natural beach 
profiles observed by authors at the Sen-nan 
coast in Osaka Frefecture and the Amino 
coast in Kyoto Prefecture, 

Furthermore, the distributions of rate 
of on=- and offshore transportations of sand 
due to wave actions, the behaviours of bot- 
tom variation of beach, and the change of 
distributions of rate ja the process of ap- 
proach to the equilibrium profile of beach 
are presented, 

Finally, the relationship between the 
critical water depth for sediment transpor- 
tation and the characteristics of waves is 
explained, 

2, Experimental Equipment and Procedure 
(1) Experimental Equipment 

The experimentation was conducted in a 
concrete tank with a visible side wall of 
glass and lucite, which is 11 m long, U.5m 
wide, and 1,3 m deep, at the Hydraulics Lab- 
oratory, Kyoto University, 

This tank was used by setting the wood- 
en slab in 0,9 m deep and the test section 
was divided into 4,9 m horizontal part and 
4,0 m sloping part, (1 : 10), and the slop- 
ing slab was covered by sand of uniform grain 
size in 10 cm thickness, 

Waves were produced by the flutter type 
of wave generator which had a 1/4 HP motor 
and a non-step control machine for speed, 
Wave heights were controlled by changing the 
length of arm of the variable scoop, and the 
wave periods were adjusted through the con- 
trol of speed of the machine, 

For trapping sands transported by the 
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Fig, 1 Sieve analysis curves of 
used sands 


action of incoming waves, lucite rectangu- 
lar conduits of 3 cm x 5 cm in area were 


placed in zigzag along the center line of 
channel bed (Fig, 2 (a)), 


fotok 
aA 


Vinyle 
Pipe 


Fig, 2 (a) Collecting equipments 
transported sediment 


The transported sands were dropped from 
these rectangular entrances and collected by 
the funnels and led out of the tank with water 
by the vinyl pipe, 


16 sets of above described trapping. equip- 


ments were placed at intervals of 20 em in the 
onshore part and 35 = 50 cm in the offshore 


i 


| 


part for the test section of 5 m from/the shore= 


line, Each set is composed of two conduits to 
obtain separately continuous records of trans- 
ported sands by the up- and backrushes, 

Fig, 2 (b) indicates the locations of 
arrangements of these conduits, Three dif- 
ferent sizes of sands were used for perform- 
ing the present program, and the medium dia- 
meters of sands were 0,30, 0,52 and 1,0 mn, 
and similar in size to fine sands commonly 
found at beaches, 

The characteristics of these sands are 
indicated graphically in Fig, 1, Their spe- 
cific weights are also 2,63, 2,56 and 2,65, 


(2) Procedure 

The experiments on the equilibrium slope 
were started from the initial state of beach 
of 1 : 10 in slope and the records of varia- 
tions of beach profiles resulted from the 
wave action in every one hour were measured 
from the side wall, 

The observation of the beach profiles 
was continued until the beach slopes had 
reached stable and the maximum duration re- 
quired for obtaining the equilibrium slope 
was about 15 hours, 

For each run of experimentation, the 
measurement of the rate of transported sands 
was carried out four times at 4 hours, 7 
hours, 10 hours and 15 hours after the start 
of operation, 


(3) Characteristics of Experimental Waves 
Wave heights (H,) measured during the 
experimentation were ranged from 2,32 to 6,90 
em, and the wave lengths (Ly ) from 78,6 to 
260 cm, 
The values of wave steepness measured 
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Fig, 2 (b) Side view of wave tank showing location of equipments 
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Table 1 


Case I, d,=0,3u mm : 0,0092, 0,0185, 0,0325, 0.0328, 0,0488, 0,0594 
Case II, d,=0,52 mm : 0,0092, 0, 0234, QO, 0331, QO, 0457, 0, 0498, 0,0574, 0,0680, 0,0770 
Case III, d,=1,00 mm : 0,0093, 0,0250, 0, 0322, OF 0426, QO, 0524; OF 0534, 0,0580, 0,0815 


in all runs of a series of experimentation the offshore zone, 
are indicated in Table 1, 
The wave length in deep water (L,) was 
determined from the relationship of 
(A) Distance from initial shoreline, +10 on 


= pT2/ex rs 
yg cw : Ceseldmedsonm | Caseldn 4$2| \Cise da !Ome 
and the wave period, T , was also deter- 62+ Leon 
mined by the measurement of frequency of f ra 


wave generator, As the physical conditior. 
of deep water waves had not been obtained 
in the model tank, so the deep water wave 


height (H,) was estimated from the wave 2 
height of constant depth (H) by means of a? 
the table of Wiegel, 0) 
= Shr. 10 5 hw. Shr 
3, Analysis of Equilibrium Slopes ee 


The experimental beaches of initial “ No change 
Slope 1 : 10 were gradually approached to 0 5 Ar 10 5hr one 
the state of substantial equilibrium with taj7/ : 


the lapse of time, = 
The determination of required time 

of operation‘until the beach profile be- 

somes stable and the observation of its 


erocess are interesting problems, Fig, 3 (a) Variation of hourly change 

Selecting the shoreline as a refer- te bottom elevation in case 
ence point, Fig, 3 (a) and 3 (b) show the 5/3 = = 0,0092 - 0, 0093 
variation of hourly change of bottom ele- re D : Deposition, E : Ero- 
vation for runs of H,/L. = 0,0092 - 0,00 sion ) 


25 and H,/L. = 0, a 2G! 0594 as parametric 
expressions of grain size and location, 

In both figures, (A) indicates the 
onshore zone, (B) the surf zone and (C) 


qn A) Distance frominitial shoreline, +10m 
2 Case, dmt052mm (gsellhes- -1Omm 
He=g0574, He€Son | ¥=00580, Herd 7on 
2 44 (B) Distance fom inifial shoreline, ‘Ocm 
a! 
0 a 
uy 5 Lhe 10 


(C) Distance from initial shorelin "hea 


Fig, 3 (b) Variation of hourly change of bottom elevation 
in case of H,/L, = 0,0574 - 0,0594 ( D : Dep- 
osition, E : Erosion ) 


In cases of small waves of H)/L, = 
0,0092 = 0,0093, it is evidently seen the 
onshore zone was always deposited, and on 
the contrary, the surf and offshore zones 
were eroded, and the rate of variation of 
bottom elevation was gradually decreased 
with the lapse of time, 

On the other hand, in cases of high- 
er waves of Ho/Ly = 0,0574 = 0,0594, the 
onshore zone was strongly eroded after the 
initiation of operation in experiment, and 
thereafter the repetitions of deposition 
erosion in the process of variation of beas 
were observed, while the distinguished 
tendency in the bottom variation has not 
been observed at the surf zone, 

In case II, however, it should be no- 
ticed that two zones of (B) and (C) were 
located off the breaking point due to the 
generation of higher waves than in cases 
of Ivend iit: 

These results) coincide well with 
the experimental brs " the variation 
of beach by T, HamadaS/,4). 

, It is also understood from Fig, 3 
that the “uraticn time of wave action un- 
til the beach slopes reached stable, be- 
comes shorter for smaller steepness and 
for larger size of bed material, 

The dimensionless equilibriun pro- 
files as a parametric expression of steep- 
ness for several runs of experimentation 
under the condition of constant bed mate- 
rials are indicated in Fig, 4, In the 
fieure, the origin of coordinate system 
is the shoreline and the ordinate indi- 
cates the dimensionless depth h/L, and 
the abscissa the dimensionless distance 
x/Lo, and L, the wave length of incoming 
wave in deep water, 

It is also observed from Fig, 4 that 
a gand ridge is formed at some distance 
from the shoreline under the action of 
higher waves of greater steepness then 
O,03, and it is not developed for waves of 
less steepness, 

To explain the effect of grain size 
of sands on the equilibrium profiles for 
various frain sizes of sands are shown in 
Fig, 5, In the figure, furthermore, these 
profiles are compared with the experimental 
result of Johnson, 

Xvidently in inspection of Fig, 5, in 
case of exreriment for less steepness, the 
beach pvrofiles for different sizes of sands 
are commonly similar but with some local 
cifferences in shape (in case III, the sand 
moving area is restricted very narrow, and 
the beach profile is distorted, compared 
vith the other cases of I and II), 


Fig, 4 Dimensionless representation of 
equilibrium profiles of beach. 


Fig, 5 Effects of grain sizes of beach 
sand on equilibriun profiles of 
beach 


On the other hand, the beach profiles as a parametric expression of wave steepness 
waves of greater steepness is consid- at the breaking point, Hp/Ly, will be obtain- 
ly similar, but the location and the ed instead of using the above described rela- 
2 of the longshore bar in a particular tion between h/Lg and x/Ly shown in Fig, 4 
> are different from each other, These in which h, is the breaking depth, 
‘erences are supposed to be caused by 
dynamic mechanism of transported mate- 
s of different sizes in grain, Fine 
is will be suspended at the breaking 
it by the strong agitation of incoming 
ler waves and easily transported even by 
r slow fluid velocity and a longshore 
will be formed at the breaking point, 
she contrary, coarse sands will not be 
ended, even by the strong action of 
ler waves, and theretore they form a 
rshore bar in the neighbourhood of plung- 
point, 

Fig, 6 indicates the relationships be- 
nn wave steepness and foreshore slopes, 
eh is considered to initiate a signifi- 

, characteristic of equilibrium slopes, 
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Fig, 7 (a) Relationship between dimen- 
sionless breaking depth and 
wave steepness in deep water 
by experimental results of 
Kyoto University and field 
observations at Sen-nan coast 


and Amoni coast 
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Slope of foreshore 


ig. 6 Relationships between slopes of 
foreshore and wave steepness 


As illustrated in Fig, 6, the flatter 
shore is clearly formed by higher waves 5 
reater steepness and the effects of Oi, Ces IO melo 
n size on the foreshore of stable equi- he/Ls 
ium is not distinguishly seen for the 
rimentation of these grain sizes, 


“When these experimental results are ap- 1a lfege (b) Behaviours of wave steepness 
d to the natural beach influenced by of breakers to dimensionless 
active and diffractive waves, the equi- breaking depth in terms of 

nt wave height H} which is multiplied breaker characteristics 

wave height in deep water by the refrac- 

or diffractive coefficients may be sub- Fig, 7 (a) indicates the relationship 
uted as the initial wave height H, in between H,/L, and h,/L, from the experimental 
4 and Fig, 6, and observed results at the laboratory, Sen- 
When the wave height and the wave length nan and Amino coasts, 

he breaking point are observed, the bet- In Fig, 7 (a), it is seen that the ob- 
indication of beach profiles with the served results at the Amino coast, where the 


of the relationship between h/L, and x/L, incoming waves are greatly refracted and dif- 


fracted, do not coincide with the results 
in cases of non-diffraction and non-refrac- 
tion by the expression used the character- 
istics of deep water, 

Consequently, the results expressed 
in terms of the characteristics of breaking 
wave height H, and breaking wave length Ly 
are indicated in Fig, 7 (b) and it is un- 
derstood such expressions may be applied 
to the natural beach influenced bv refrac- 
tive waves, 

Fig, 8 indicates the dimensionless 
plots of the experimental equilibrium 
beach in case I by the use of the expres- 
sion of characteristics of breaking waves, 


Fig, @ Dimensionless representation 
of equilibrium profiles of 
beach by characteristics of 
breaker in case I 


The comparison of these experimental 
results at the Senenan coast and the Amino 
ay are presented in Figs, 9 (a) and 9 

b). 


(a) 


Fig, 9 Comparison of experimental profiles of beach with natural beach 
profiles 


It is evidently seen in these figure 
that these experimental profiles closely 
cidé with natural beach profiles in the ¢ 
shore side from a certain definite depth, 
do not agree with natural profiles in the 
shore side from that depth, The critical 
depth of sand movement is indicated in Ff 
9 (a) and 9 (b), As illustrated in the { 
ures, this critical depth may be consider 
the boundary of limitation in agreement t 
tween the equilibrium slope resulted from 
experimentation and the observed profiles 
natural beaches, = 

The differénce in coastal behaviours 
tween artificial and natural beaches will 
explained as follows; owing to greater vo 
of bed material transported in the onshor 
side from the critical depth at the natur 
coast, the beach profile of this part rea 
quickly stable, while the beach profile i 
the offshore part from the critical point 
not readily influenced, due to less volun 
of materials transported in this part, so 
it will be supposed the beach profiles of 
part is still similar to the equilibrium 
for the previous incoming wave with a dif 
ferent steepness, ; 


4, Sand Movement by Breakers 


(1) Distribution of rate of transported 

beach sands and wave steepness 

Fig, 10 (a), 10 (b) and 10(c) show 
the distributions of onshore and offshore 
of transported beach sand in case I, II] a 
III, respectively, : 

The distributions of transportation | 
of beach sands have a tendency to become. 
similar shape, Namely, the transported s 
due to flatter waves relatively concentra 
in the neoghbourhood of the shoreline, bi 
the distribution of beach sands tends to 
a flatter shape by higher waves of greate 
steepness, 


(b) ; 
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Ze 10 (a) Distributions of on- and 
offshore rates of sand 
transportation in case I 


The remarkable significance of differ- 
in the shape of distributions for dif- 
» Sands in size is that two peaks in 

Lstribution of rate of sediment trans- 
tion exist for coarse sands of case II 


iI by attacking of higher waves of great- 


eepness than 0,03, while for fine sands 
se I it does not become clear, compared 
both cases of II and III, 

yne of these two peaks situates near 
aoreline except a few cases, and the 
‘in the vicinity of the plunging point 


ed between shoreline and breaking point, 
‘gs it is assumed the local distributions 


} velocity near the bed or the local 
[bution of shearing stress cause the 
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Fig, 10 (b) Distributions of on- and 
offshore rates of sand 
transportation in case II 


above behaviours in beach process, so it will 
be of significance for the further study to 
establish the dynamics of wave action in 
coastal engineering, 

Fig, 11 indicates the hourly change of 
distributions of rate of sediment transporta- 
tion in the process of approach to the equi- 
librium profile of beach in the case of wave 
steepness, 0,0351, and grain size, 0,52 mn, 

This figure indicates both changes of 
distributions of rate of sediment transpor-= 
tation by up- and backrushes, 

When the beach reached the equilibrium 
profile of beach, the rate of sediment trans- 
portation by uprush has to coincide with that 
by backrush, 

Evidently as shown in Fig, 11, both dis- 
tributions of rate of sediment transportation 
are agreed, 

Consequently, until the profile of beach 
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Fig, 10 (¢) Distributions of on- and i 
offshore rates of sand 
transportation in case III 
Fig, 11 Changes of distributions of rates 


does not reach stable, the distribution of of sediment transportations in the 
rate of sediment transportation differs from process of approach to equilib- 
each other, and thus three 'regions of erosion, rium profile of beach ( E, : 
deposition and equilibrium are estimated with Equilibrium, D : Deposition, E : 
the aid of difference in the rate of sediment Erosion ) 
transportation, 

The part of oblique line in Fig, 11 mediate vicinity of breaking point on the dis-= 


shows the sediment transportation rates sub- tribution of transportation rate, as illus- 
tracted the sediment transportation rates by trated in Fig, 10, Rate of sediment trans- 


uprush by that of backrush, The positive port in the offshore region from this point 
zone indicates the transportation rates by become less, 
uprush are larger than that by backrush, Except in cases that beach sands are fine 
while in the negative zone more sands are and the resulted sediments are easily trans- 
transported by backrush than by uprush, ported by littoral current, the sediment 

As the increasing part of transporta- transportation resulted from the turbulent 
tion rates in the direction of incoming waves action of incoming waves may not influence 
represents the zone of erosion, and the de- on the variation of the beach profile, 
creasing part that of deposition, so the This point is called the critical point 
coast is divided into two regions of ero- of sediment transportation by authors and the 
sion and deposition as shown in Fig, 11, depth for this point is also called the crit- 

ical water depth, as described in the former 
(2) Critical Water Depth for Sediment section, 

Transportation It should be noticed that the depth is 

The location of a remarkable decrease different from the depth of initiation of sand 
of sand transportation exists in the im- movement by shoaling waves, and of course, the 


-atter depth is deeper than the former, 
The relationship between the critical 

rater depth for -sediment transportation 

1. and wave steepness is plotted in Fig, 
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Fig; 12 Dimensionless representation 
of critical water depth for 
sediment transportation 


Fig, 12 is the dimensionless repre- 
sentation of the critical water depth for 
he sediment transportation and the experi- 
rental results for three kinds of grain 
"ize and the observed results at the Sen- 
ian coast and the Amino coast are shown, 
‘hen the natural coast influenced by the 
neoming refractive and diffractive waves, 
Ss at the Amino coast, the dimensionless 
epresentation of the critical water depth, 
as to be used in terms of the equivalent 
‘ave steepness or the characteristics of 
rreaker, as described in the preceding 
ection, 
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Fig, 13 Dimensionless critical water 
depth for sediment transporta~ 
tion expressed by characteristics 
of breaking waves 


Fig, 13 indicates this critical water 


depth for sediment transportation in terms of 
latter representation, 

The observed results in natural beaches 
are closely agreed with the two dimensional 
experimental results conducted in the indoor 
tank, 

As seen in the figure, the observed results 
at the Sen-nan coast approximately coincide with 
the experimental results in case I, but the | 
observed results at the Amino coast is deeper 
in depth for the critical transportation than 
the other observed results and the experimental 
results, 

It may be due to the effects of grain size, 
and the sediment at the Amino coast is fine 
sands of 0,3 mm in medium diameter, while the 
sediment at the Sen-nan coast is coarse sands 
of 2 = 3 mm in medium diameter, Consequently, 
it may be considered the experimental results 
in case I correspond with the results at the 
natural beaches of 2 = 3 mm in medium diameter, 

Furthermore, as the curve in case I approxi- 
mately corresponds with the breaker index, so 
it is understood the initial point of remarkable 
sediment transportation at natural beaches of bed 
material of several mm in grain size is near 
the breaking point, and on the contrary, at 
natural beaches of fine sands the critical roint 
for sediment transportation will be far from 
the breaking point, 

The possible way to make the clear formu- 
lation of this problem is to study the details 
of suspension of hed material in dynamics, 


A Conclusion 


In this paper, the experimental results 
on the equilibrium slopes of beaches and sand 
movement by breaker are reported and the engi- 
neering attempts concerning the clear formula- 
tion of beach process in terms of the effects 
of grain size and the characteristics of waves 
are performed, 

As the conclusion of the research program, 
the following statements regarding the formation 
of beach and sand movement are described, 

a, The wave steepness is an important factor 
governing the variation of bottom profile and 
the distributions of rate of sediment transpor- 
tation, 

b, The location and scale of the longshore 
bar are influenced by the grain size of beach 
material, 

c. The critical water depth for sediment 
transportation in the case I (medium size of 
sand is 0,30 mm) approximately coincides with 
the observed results at the Sen-nan coast where 
the beach material has the medium diameter of 
2 - 3 m, 

d, ‘the critical water depth for sediment 
transportation in case I approximately corre- 


sponds with the breaking depth, 

Furthermore, many fundamental problems 
to make the further development of study 
for the mechanism of beach erosion sure 
have to be solved, Concerning the present 
purpose of pro ject, many experimental studies 
as well as observations in field, and the 
verification of the similarity for these 
results are required, 
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Introduction. 
Along the coast line,there are sandy 
aches, rocky beaches and cliff, and 
tween them many river mouths. On the 
rection of normal line on the coast 
ne, the geology of beach and seabottom 
nsists of the moving part due to the 
tural processes and the fix part under 
e former part. The seaside boundary 
' the moving part is considered the 
mit of moving region of bottom sand 
the coastal effects of sea water. 
actical boundary is considered the 
mtour depth of about half the wave 
ngth. Bhe general section of sandy 
ast is showed in Fig.-l. Outside of 
is width of the section, the sands 
e often transported by winds on land 
d the suspended fine sands and mud in 
e sea water are transported by tidal 
d ocean currents and deposited on the 
ep sea bottom, but there are little 
actical effects as coast process. 
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Accordingly the main area where 
coast processes are most active is rela- 
tively narrow and very long region along 
the coast. A littoral drift is defined 
as the travelling of movable clay,sands 
and cobbles etc. by the flow of sea 
water in this region, and zs the result, 
coast topographies remain unaltered or 
are eroded and deposited. In the region 
of littoral drift, sea water is moving 
and the drift is active at any time. 
Considering the flow in and out of mova- 
ble materiala in this region, there are 
mud and sand etc. transported by river 
flow suspending or sweeping which are 
made by erosion of the river drainage 
area. And the coast materials are eroded 
add disintegrated by the continuous ac- 
tions of weather and sea water and 
supplied in this region. Among them, the 
former should be much larger in volume 
than the latter, for it is supplied by 
the erosion in larger drainage area than 
the narrow basic layer of the coast line, 
But the arrived materials by river flows 
are controlled by wash load and bed load 
therefore their sizes and specific 
gravities are considerably sorted due to 
the effects of geology, weather, topo- 
graphy, slopes and discharges of rivers 
etc. in the district. On the other hand 
the eroded and disintegrated materials 
of coast basic layer exist there prima- 
rilyand are moved and sorted by the 
mechanism of littoral drift, that is to 
say, the supply regions are cliff coast, 
rocky beach, and the basic layer of 
coast revealed by the development of 
coest erosion. 

Then the flow out materials from the 
littoral drift region are the fine mud 
and the similar that flow out suspend- 
ing in sea water and deposit in deep 
sea,ani the deposit sand and mud in the 
part that could not be considered the 
littoral drift region after the deve- 
lopment and stabilization of deposit. 

The equilibrium between the supply 
and flow out of drift materials has the 
principal effects on the stability of 
coast topographies, and moreover the 
variation of continuous movement of sea 
water in the littoral region arises 
littoral drifts and erodes some part 
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or deposits on another part, and even 
at the same part erode or deposit 
Occures seasonably, then after a long 
period the difference of supply and 
decrease of materials in some scope 

of coast and sea bottom determines the 
stability of that scope. 

But after the geological long time, it 
is considered that accompanying to the 
stabilization of the inland, the flow- 
ing and depositing fine materials far 
from the littoral drift region, in- 
creases more and more as the result of 
developments of the disintegration of 
coast debris , and accordingly forms 
the stable coast where the coast depo- 
sits would be consisted of larger size 
materials. Namely the coast will be us-—- 
ually transformed to the stable one 
where would be formed of rocky beach, 
cliff,cobble and stone that could not 
be moved resisting to the acting forces, 
amd the sandy coast would be the inter- 
mediate transient state. Moreover, 
littoral drift moves not only to the 
normal direction of coast, but along 
the coast, so as long as the whole re- 
gion of littoral drift area between 

the discontinuous points such as a 

cape or a head land where seperate the 
littoral drift region will not be 
stable, there will be large littoral 
drift even on rocky beaches between 

any river mouth or sandy beach. 

Therefore on the consideration of 
littoral drift about an artificial 
coastal work, the natural coast process 
should not be disturbed in order to 
metch the intermediate state of coast 
development, or the incongruity of 
littoral drift should not be occured 
by the structure and if it is occured, 
the damage due to its erosion and 
deposit should not be grown by the 
precise interpretation of the littoral 
drift mechanism at the coast respective-— 
ly, and a reasonable project and its 
construction. 

All the coastal structures we have 
necessity for any purposes must be 
built almost in the region of littoral 
drift and many coast protections must 
be constructed where the coast erosions 
are discovered everywhere as the result 
of natural coast process. These erosion 
protection works must also be construct= 
ed in the littoral drift region. Conse- 
quently the interpretation of littoral 
drift hes to study over the whole coast 
area and with the continuous observa— 
tion data during a long time. Such 
Structures may give some effects to the 


2. Littoral adrift. 


t 
natural coast process and to the other 
states subsequently, ultimately vary : 
the condition of stabilization of the © 
coast. ‘ 

i 

The littoral drift is the movement 
process of sand, gravel and mud etc. 
caused by the flow of sea water where 
they move suspending in sea water, slid 
ing, rolling or with saltation on the 
sea bottom. Therefore they may be di- 
vided into two main parts, the suspen-— 
ded drift and the tractive drift. 

And the movements of sea water in the 


narraw littoral drift region surround— 
ing the ocean are the waves and the : 


currents in open sea extremely compri- 
cated under the influences of coast 
topography, sea depth and flowing out 
river water. The causes of waves and 
currents of sea water ame mainly the 
weather (wind, temperature), specific 
gravity am tides, etc.yand those that 
arrive at the coast among them are the 
wind waves, swells propagated from the 
far wave generating area, ocean current, 
tidal currents, longshore currents 
accompanying waves, and the currents 
due to the vibration of sea water in a 
bay, etc.. They generate littoral 
drift by their acting forces on the 
coast material, so that the interpre- 
tation of drift process necessitates the ! 
properties of sand and gravel, movement 
of sea water, weather, ocean current, 
tide current and their relations, and 
then with the statistic data of the ‘ 
weather, ocean current, tidal current, 
seiche over the neighbouring sea, we . 
get the statistical movements of sea 
water off the littoral drift region. 
These movements undergo some changes — 
by the effects of coast elements (posi- — 
tion, topography, depth, geology, ri- 
ver, coast structures, etc.) on the way 
to the coast. Then if applying the re- 
lation of the movement of sea water and 
littcral drift, we calculate a statis-— 
tical volume of littoral drift and the 
balance of moving in and out materials 
at the coast area, we may decide the 
statistical stability of the coast re- 
gion by these measure and degree. 
Accordingly the littoral drift is 
connected intimately with not only all 
over the coastal engineering, but also 
climatology, river engineering, geology. 
oceanography and geophysics. . 
The most of the preceding phenomena 
and their relations are not yet solved 


id are on the way of enthusiastic study 
t many countries in the world. 

In the next, I will make clear some 
art of the relations between littoral 
rift’ and longshore currents. 

(a). Geology of Coast. 

As it has been previously stated, the 
rosion and deposit occur as the result 
f littoral drift, so that the materials 
n sea bottom and coast consist of mov- 
ble solids. These movable solids in 

nis littoral drift region travel by the 
orce of motion of sea water that over- 
somes the resistant force of stable 

imit and become the littoral drift. 
nose active forces are called Coastal 
orces and have their direction. 

The coast materials are classified by 
heir resisting force of travel as 
Dllows: 


1.Rock( igneous.rock, aqueous rock etc.) 


----Rocky beach, Rocky cliff. 


2.Cobble and gravel----- Gravel beach. 
3}.Sand--------- -—-------Sandy beach. 
4.Clay, silt,etc.—-----— Muddy beach. 


At the contact surface of these beach 

> sea water receive the above described 
sastal forces. The resistance of sand 

> move concerns with its size, specific 
ravity, form and surface roughness, 
specially the role of size and specifiv 
ravity are important. Specific gravity 
aries in a pretty range due to its ori- 
inal rock, so that one of the smallest 
> about 1.1 for volcanic gravel which 

3 much mixed in the coast sand at FUNKA 
2y and IBURI Coast in HOKKAIDO, Japan. 
Now assume the sand as a sphere and 
ts diameter including its specific 
ravity, form and surface roughness as 

4 equivalent diameter is or d+ which 
iadicates the Secret of 8 sere 


ie suspension; f£ Beak Ed 


ut tractive, state; 
2 rik aye 


: 4 zd —fa) 


Fey hy ee 
dy = Sits fo Lage eee tO.) 


ere Rh: eae en i the 
form of sand 

# Coefficient concerning the surface 
roughness 

: Density of standard sand 

: Density of sea water 

{: Form coefficient as a sphere 

Vi Surface roughness coefficient of 

2 standard sand 
: Density of the sand. 

ne density does not concern with the 


daha (1) 


horizontal movement of sand in suspen- 


sion, but concerns with ascending, 
settling or traction on sea bottom. 

For examples Voreenio epee 

t = ee wpe = 0.42 
it is very movable and has larger 
volume. And flat form sands are very 
suspendable for its large -K, and more 
movable in comparison of these size. 
Thus if the diameter indicates the sta~ 
bility of sand, above stated classifi- 
cation of coast may be considered the 
one by the size of diameter. At rocky 
beaches, the surfaces of rocks are 
gredually erosioned by the forces of 
water movements and movements of sand 
and gravel forced by the water flow. 
This process is named the rock erosion 
of the sea. By this action, rocks are 
gradually broken from their weakest 
parts and smashed to fine sizes so that 
they can be expressed the source of 
sands and gravels. Then the sand and 
gravel collide and rub each other by 
the water movement, so that the gra- 
vels are broken to sand and sand to 
more fine particle and then to clay. 
In the same manner, mud, sand and gra- 
vels flowed down in rivers are broken 
to smaller particl.es at the coast. 
That is to say, coast materials are 
moved and broken by the motion of sea 
water. So that there must exist all 
sizes from larger rocks to smaller clay 
on coast. But the sea water travels in 
very wide ranges and the strength of 
movement varies by times and places, 
and in addition the stability of the 
sand and gravels are not uniform, so 
that by the constant coastal forces 
the particle smalier than some sizes 
will suspend or move and one larger 
than the other size will rest in their 
places. As such the so-called sortings 
take place perpetually. 

The size distribution of usual coast 
materials has generally some uniform 
tendency and are possible to be cla- 
ssified as previously mentioned. This 
fact shows that the average state of 
the movement of the coast sea water 
may have some approximately uniform 
coastal forces. Moreover the coast ma- 
terials are really moving in suspensi- 
on or traction. Therefore it iis clear 
that the stability of coasts depends 
on the balance between the flow in and 
out of coast material and the erosion 
and deposition may be occured whenever 
the balance is broken. 


There are sometimes the case that the 
protection works for coast erosion dama- 
ges must be constructed abruptly where 
the coast is hitherto about stable for 
long time. These ceases seem to be that 
the accumulation of slight continuous 
erosion for long time attracts our atten- 
tion or some coast structures have been 
constructed in the neighbourhood or the 
extraordinary storm might break the ba~ 
lance of the coast. 

(b) Sorting by sea water. 

The size distribution curve of the 
coast. materials shows that the materials 
of some size range are most and the wei- 
ght of larger or smaller sizes abruptly 
decrease. The movement of sea water 
causes this results. Now if assume Lothe 
largest diameter among which can be mo- 
ved by the velocity 1Ponly, the larger 
sizes than &.cannot be supplied to the 
point from the other. The larger one 
than 2, that exist previously in this 
point remeins as before. The smaller one 
than i, will be wholly removed, for the 
ratio of active force to resistance, 
such as *, &,d(s—5,)from (2) in trac- 
tive state, is larger for smaller dia- 
meter. If the sands are not at all 
supplied there, all smaller size than Lc 
are lost there and the smellest size 
remains there is £ « And when the 
smaller sizes flow in there from upper 
reaches constantly, all size volume 
does not vary in suspension and traction, 

But because of the variation of tra- 
velling velocity due to the state, the 
travelling volumes are not constant 
according to each state or size. In 
addition, the smaller size than i. are 
travelling in turbulent motion, so 
if VU suddenly become smaller, the 
larger size will rest more quickly than 
smaller one and ¢< for smaller ar will 
become small. When the volumes ot flow 
in and out are balanced, that is, does 
not change, neither erosion nor accre- 
tion will occur respectively if uUbecome 
larger or smaller. Namely there is a 
critical diameter to rest in responce to 
each U and if ychange to Us, the size 
between £ and £« will begin to move or 
rest. If we suppose that at the coast, 

_all sorts of size are supplied from the 
source of sand and gravel, and transporte 
ed due to the movement of sea water and 
the beaches are formed, there must be the 
smallest eee that can move the lar- 
gest size among the sand at one 
place and it must be the largest veloci- 


ty in that place. (Of course it is assu- 


sizes at sources.) 
However the specific gravity, the 
shape etc. of sand are converted to an 
equivalent diameter and the effects by 
topography, slope etc. are assumed to — 
be uniform. And the velocity is the re=- 
sultant of the velocities in all move- 
ments of sea water as waves, longshore 
currents, tidal currents and breaker 
etc. in same time. ¥ 
By the previously described thought, 
next relation is considered, ' 
fo $0) ooo ee (3a) ‘ 
If vr is uniforn, 
4 = $$) 


>= other factor excepting VU . 
When U will change from VJ, to Uj ; 


the equivalent diameter will change 
from ke, to Lo, consequently, and 

its range will be a Te Ca)-f( Ui)» 
so that variation of 7y could he esti- 
mated by the change of equivalent dia- 
meters. (Fig.-2) 
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from the sizes smaller than Q,.,to fg, 
the larger will deposit more quickly 

and the smaller than loys will not depo- 
sit and continue to move. So in this 
transition part, the size distribution 
curve of deposit will have some tenden- 
cy. For example in Fig.-2 B part, 

the sizes smaller than fceto%,, will 
deposit in the situation that the lar- 
gest will be at upper stream and lower . 
layer, and smaller sizes at lower stre- 
am of B part. 

The direction and velocity of sea 
water vary at times and places,and such 
sorting will be performed according to 
every variation. Near coast, the tur- 
bulence occured by breakers will suspend 
more finer particles more easily. If 
the turbulence varies, one time suspend 
ed particles may settle instantly and 
may suspend at other time again. Sus- 
pended particles will move with sea 
water velocity. Now if Vv represents 
the movement velocity including the 
turbulence and minimum size that is 


Fig-2 

And if V diminishes from UztoV;, | 
t 
i 
. 
i 
‘ 
‘ 


| 


4 tor U in a tractive state is Bes 
mi cecies smaller than te will 

nd. 

rally ftc< ge sla ds. -(4) 

da Leo will become larger when VU 
ases and smaller when VU decreases. 
the velocity will decrease from Up 
hy lter will decrease to fc, and 
particles between them will settle 
tractive state on the sea bottom 
then the particles between {¢2 and 
will rest. 
the next relation bre=$(v) wa) 
be estimated, the range 
bee2— lee = $,(2)—-F(%)-°> -(6) 
indicate the variation of the flow 
amstances. As showing in Fig.-3, 

Y arises from (A) to (B), the 
2s of tractive particles and sus- 
sd particles shall be very nearly 
i according to their sizes in the 
orm turbulence state and larger par-= 
2s shall be situated at lower layer. 
the velocity and the direction at 
situation according to the size is 
azecessarily uniform, the particles 
be sorted and deposit at every 
direction, and the size distribu- 
in littoral drift will display 
discontinuities. 
) General properties of drift sand. 
1) Size distribution curve. 

the movement characteristics of 
water is almost uniform, and its 
stion and velocity distribution 
slear, the volumes of transporta-— 
, accretion and erosion shall be 
nated to some extent by the calcu- 
21 using the sorting processes de- 
xed in preceding article and the 
distribution curve of the source. 
yer there is few clear and simple 
| like this and the movement cha- 
sristics,and consequently the li- 
il drift will change from time to 
‘then as the resultant results 
1g a long period, erosion, accre- 
or stable state will produce in 

region, and the size distribu- 
curve at a certain place in some 
is affected by innumerable various 
ns to some range of size and is 
.d as to match the most effective 
1s. The size distribution curve 
display consequently on Log- 
bility law. 
ume F(4) to be a distribution func= 


for yaetog t, 
fog (= 2 hog dn ...(7) 


_(a- * 
1 ae 2 Oe 
where Oy is the standard deviation of 

f= o9ek f 

is the’mean value of et. 
Fig--4 is the size distribution curve 
of the sample at the fore shore surface 
of TOMAKOMAI sandy beach, Hokkaido: 
which shows approximately to maintain 
the preceding relation. 

The range of this size distribution 
curve, mean size, its distribution and 
standard deviation, etc. shall depend 
on the neighbouring sand through the 
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movement of sea water and the variation 
of these items should come from the 
effects of many processes, especially 
depend on the principal elements of the 
movement of sea water. 

It is considered that the principal 
elements of the movement of sea water 
are wave heights, wave steepness, velo- 
city of longshore currents, near shore 
currents, tidal current, water depth, 
sea bottom slope, roughness of sea 
bottom, and topography of sea bottom, 
etc., though they should be selected to 
fit every situation in ie littoral 
drift. 

(2) Sand layer of coast. 

It is considered that the sand layer 
depth disturbed by the maximum movement 
of sea water in a certain period will 
be approximately constant. This thick-—- 
ness is assumed [).. will be vary 
corresponding to the degree of mOVement. 

If the sand particles in the volume of 
depth Ds and unit area are disturbed, 
finer particles will be suspended and 
larger particles will rest on the surfa~- 
ce of the layer and more layer ones 
under the surface and so on, so that the 
distributica of the sand will correspond 
to the velocities at every situation 
and be transported in suspension or 
traction. 

Moreover the finer particles under D 
may be moved by the permeating water an 
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appear to the surface. When the water 
movement continues a long time, suspend= 
ed particle will be lost from the 
layer, and the moving particles in trac- 
tion will also flow out as long as 
there are supplied from upper reaches, 
then Dewill be pene- 
trate to lower layer, 
and the particle ~, 
which cannot be move- 
ed in traction will es 
be remained in the _—— 
thickness Ds; so the 
thickness of larger 
partictes than Le Fig-5 
will be grown up and 
the penetration of Ds to lower layer 
will be over when there is no particle 
movable by the disturbances. If the 
tractive particles will be supplied 
from the neighbouring region, Ds does 
not penetrate to lower layer and 
stay at about the initial situation. 
Large particles under surface can be 
considered the resistible part to ero- 
sions. If the geology at the existing 
coast does not contain such larger 
particles, for example when a groin as 
coast protection is constructed on the 
coast where supplied sand hitherto, 
the erosion will advance to the part 
where the movement of sea water is 
weak. As this transformation demand 
some time lspse, for the larger sand 
stability,it will be more slower, but 
the erosion by the extraordinary vio- 


tent storms may be very rapid. 
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Next the accretion may occur mainly 
when the movement of sea water become © 
mild and yhere is more sand supplied 
than flew out, or the flew out sands 
are intercepted by some coast obstruc— 
tion,only supplied from upper reaches. 
But the path of sand is not always 
game in suspension and traction, and 
the size distribution varies by the 
intensity of movement of water, so 
that at some time, finer particles ma 

deposit or at other time coarser may — 
do, and suspended sand may deposit or 1 
traction sand may do. Anyhow deposited 
sands form generally some stratifica- — 
tion corresponding with the movement 
of water. The most sensitive part to 
erosion and accretion is the surface 
of Ds, 80 we should examine the ver- 
tical section of sand layer in the 
case when we consider a long period 
variation. 

The velocity of Dg penetration may 
relate to the storm duration time and 
advance and retreat of coast line. 
Moreover in the case of accretion on 
the gentle region, the proportion of 
finer particles will increase with 
time as the travelling velocity of 
finer particles is usually larger than 
that of coarser. The accretion materia. 
in a calm harbour may be so fine 
clayey materials that explain the fact 
that the covering effects of break- 
water have been sufficient, but it 
should be y,oted that the coarser 
material does not necessarily flow in 
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harbour. 
(3) Turbulence of coast sea water. 
causes that sand-warticles sus- 
in water at coast are not only the 
ng force due to the horizontal 
ity along the sea bottom, but the 
ont turbulence by breakers, espe- 
-y at the breaker line, the beach 
jand the region between these two 
8. Many observations have ever 
a that the turbulence diffuses and 
ends the sea bottom materials. But 
gn the volume and sizes of suspend- 
aterials are provided principally 
reakers , their travel is at the 
pity of coastal current. Namely for 
estimation of suspended volume and 
r sizes, the velocity and condition 
reakers should be considered at the 
y Situation of the littoral drift 
ons. Such suspended drift sands 
be carried along the coast or off 
» by longshore currents or rip 
ent respectively, and they are sus- 
ed only by the turbulence of hori- 
sl current accompanying the decrease 
reaker turbulence. Therefore only 
finer particles will be transported 
way. But when the coastal region 
2 uniform turbulence of breaker, 
© sands shall be carried a long way, 
enson indicated that the circuit 
on of wave particles increase the 
ace character whenathe open sea 
s approach to the shore, on the 
rary near the shore line,the off 
3 currents due to the rip current 
the reflected waves are very pre- 
tant, so that the situation of their 
rce tend to become the situation of 
iong-shore bars to be formed. This 
ition will be fixed by water depth, 
m slope, bottom materials and wave 
icteristics, but the position will 
langed and therefore the longshore 
cannot be formed when the tidal 
> is great or the wave characterist~- 
.s not uniform. This bar restricts 
reaker position to some extent and 
ongshore current is received into 
rough. These results promote the 
shore drift of sand. 
above there is a pretty difference 
ttoral drift between the surf zone 
ast side of break line and the off 
. region out side. Then off shore 
-will be chiefly tractive drift 
uspended drift due to rip current 
t+ surf zone tractive drift and 
er suspended drift due to long- 


current and rip current will be 
minant. 


(4) Coastal forces. 

If the forces that may act upon and 
move the materials what constitute the 
coast is defined the coastal forces, 
they will contain the gravity force 
and the forces due to the movement of 
sea water. When they act to urge the 
littoral drift, it can he said that the 
coastal force is strong. 

Accordingly the main elements of 
coastal forces are 

1. Current due to wave (wave current). 
The current caused by the mass tran- 
port of wave. : 

The current caused by the momentum of 
breaker. 

2. Wave force. 

Velocity difference during going and 
returning of water particles of waves. 
Velocity difference during going and 
returning of water particles of breaker 
3.Return current of mass transport 
( Rip current) 

4. Current due’ to the mass transport 
of reflective wave. 

5. Gravity force on the slope of sea 
bottom. 

6. Tidal current, the direction and 
velocity turn between low water and 
high water. 

7. Ocean current, that is about steady, 
but varies seasonably. 

8. Counter current or eddy current 
accompanying the main longshore current 
due to the topography and coastal 
structures (breakwater, groin,etc.) 

9. Current due to beach line breaker 
(final breaker at plunging point), 
contains uprash, backwash and near 
shore current. 

Among them, 1 and 2 act on shore in 
the direction between normal and para- 
llel to the coast according to wave 
directions. 3,4, and 5 have off shore 
forces and act in the direction normal 
and parallel changed by the topography 
or longshore bar. 6 and 7 are the cha- 
racteristics of the coast itself. 8 
varies according to main currents and 
relates essentially to the littoral 
drift in part. 9 acts on and off shore 
and relates to the cusp formation by 
the directions of wave and coast, and 
to the direct erosion and accretion at 
fore shore or backshore. Finally 1,2, 
3,4 and 9 have relations to waves. 5 
to the gravity on slope and the others 
are the characteristic of every coast. 

Waves in the whole year can be appro- 
ximately by the weather data and wea- 


ther charts treated statistically. 
After estimating the longshore currents 


by the waves, the direction, volume, 
sizes, and the season of littoral drift 
should be solved by the reletion bet—- 
ween them and bottom materials. 

However many relations between wave, 
longshore current and bottom materials 
have been not ever solved, so that the 
volume of the littoral drift can not 

be yet concluded. 

As the summarily approximate method 
of estimation, volume of littoral drift 
has been studied using the vectorial 
resultant of wave energy and work done, 
but this is not so sufficient that must 
more studied hereafter. 

And Johnson”defined an equilibrium size 
that does not run out of circuit of go 
and return motion of water particle when 
the depth, bottom slope and wave are 
constant, and indicated it by diameter 
only assuming the density, shape and 
position are constant. And then he es- 
tablished the following hypothesis. 

(1) When slope and wave are uniform:- 
The equilibrium size is larger according 
to decreasing the depth. (For the on 
shore current is intensified in this 
case. ) 

(2) When depth and wave are uniform:- 
The equilibrium size is larger where the 
slope is steeper. (For as the gravity 
effect is larger where the slope is 
steeper, the same size can be pushed up 
higher on a flat slope.) 

(3) When depth and slope are uniform:- 
The equilibrium size is larger as the 
bottom velocity decreases, that is to 
say, wave period or wave height decreas— 
es. (For the larger size can not be pu- 
shed up as the current velocity is 
weakened. ) 

On account of the complexities of the 
variation of tidal water surface, wave 
( shape and direction,etc.) and size 
distribution of sea bottom material, 
this hypothesis only indicates the app- 
roximate tendency and cannot yet give 
the quantitative estimation. 

This equilibrium size may be corres- 
ponded to bee at the preceding 2 (b). 

(d) Classification of littoral drift. 

Taking above mentioned elements into 
consideration, the littoral drift may 
be classified as follows. 

By the travelling state, 

(1) Suspended littoral drift 
(2) Bottom moving tractive drift 
(3) Saltation drift 

By the situation, 

(1) Rip current drift or Undertow 
drift. 
(2) On shore drift 


) Breaking point drift 

) Surf zone drift 

) Off shore drift 

) Beach drift | 
Normal Beach drift 
Storm beach drift 

LG Longshore drift 

(8) Plunging point drift | 

(9) Rocky shore drift 

(10) Sandy shore drift | 

By the special situation or state, 

(1) Estuary drift 

(2) Pass over drift , which is the 
irift passing in front of river mouth, 
harbour entrance or the end of groins, 
etc. 

(3) Guided drift which travels 
along breakwaters, groin or jetty and — 
is considered as a kind of longshore 
drift. 

(4) Over splash drift which travels 
with over splesh water at breakwater, 

(5) Push up drift which is the drif 
sand that is pushed up on the sea wall 
with wave spray. 

(6) Intrusion drift ( or invasion 
drift) which enters into harbour pass- 
ing through the entrance. 

(7) Permeation drift which passes 
through the gaps of rubble mound or 
breakwater and deposits in harbour. 

(8) In harbour drift, which is the 
drift that the bottom materials in 
harbour are moved by waves or currents. 

(9) River birth drift which is tran 
sported in the sea through rivers. 

(10) Scouring drift which is the 
movement of fine sand under the sea 
bottom by the permeating water in the 
neighbourhood of breakwater. 

By the properties of drift materials, 

3) Ordinary drift (sand, gravel,ete 

2) Special drift ( volcanic ash, 
volcanic gravel, pumice-stone, iron 
sand, etc.) 

(3) Clay drift, mud drift 

(4) Sea- weed fragments, floating 
drift, which are not usually contained 
in the littoral drift, but sometimes 
have en essential effects in harbour or 
coast. 

The sources of these materials are 
divided in 

(1) Inland transported mud and sané 
etc. 

(2) Coast and sea bottom erosioned 
materials, sand amd gravel, etc. 

By the states of accretion of drift 
materials, 


(1) Sand ridge, longsh 
off shore bar. Sy SOR PAE on 
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(2) Sand bar 

(3) Shoal, bar or shallows 

(4) Sand bar at river mouth, sand 
idge at river mouth, sand bar at ent- 
ance of lagoon. 
_ (5) Deposit at the root of groin 
| (6) Deposit at the root of break- 
rater. 
| (7) Sand bar at the entrance of 
arbour. 
| ts Pushed up sand on breakwater 


| 


| (9 Pushed up send on coast or sea- 
yall. 
| ae Harbour deposit 

(11) Sand spitz 


(12) Sand dune which is formed by 
vinds or coast upheavals. 
The coast erosions is classified by 
ts situation as follows. 

(1) Erosion of sandy beach (Reg- 
-ession of coast line) 

(2) Erosion of rocky beach (Cliff, 
‘lat rocky submerged beach) 

(3) Erosion at the foot of groin 
ind breakwater. 

(4) Erosion of sea bottom (Trough, 
scouring along a breakwater) 

(5) Erosion at river mouth 

(6) Erosion of coast line 

(7) Erosion at the entrance of 
.arbour.(Scouring at the entrance of 
‘arbour. 

The causes of erosion are mainly the 
ittoral drift by the sea water , but 
A special cases there are erosions by 
irifting ice, erosion by freezing and 
yy some floating drifts such as timbers 
3r log etc.. And there are also the 
srosions at river mouth by the river 
yater, the surface erosion of inland 
Y¥ rain and snow, the aeolian erosion 
nd the erosions by freezing , melting 
nd weathering,etc.. 


.. Variation of sand size distribution 


curve. 
As described above, the size distri- 


ution of littoral drift indicates 
pproximately Gausss normal distribu- 
don of y=log,@, so-called Log- 
robability law assumed as the size 


diameter through many sorting processes, 


his distribution: incicates a normal 
istribution on a semi-log paper and 
‘an be expressed by the following 
‘ormula. (y= y Je 
Pye dee ah + (8) 
D> vane 


he distribution ‘curve of L is 


(lj= F(y|4 afl 


way eetdissaey ,—- 
eee: : (4ag tft) 
wk rs uly 
iS hy age 
mires 4 2 d,° steve AGD:) 
d 


a 
I 

iM: 
St 

i 


where +e is the number of times that 
¢ occurs. 
N is the total number of times. 
and the scope of this distribution is 


\Fupdy =f gaydl= Sl A Late (to) 


If such size distribution of a sample 
of drift sand is changed by the sorting 
process of sea water, for example from 
(2) to (1) in Fig.-6, the rates of loss 
and increase of each size are shown 
explicitly in ier figure. 

Here consider = bog eft 
concerning with Lepage process. lecis 
assumed the minimum size diameter of 
tractive movement. If larger sizes than 
4 are stayed and smaller than Yeeare 

Slly washed away, the hatched part in 
Fig.-6 remains and this area will be 
uniformly enlarged to be 100 per cent, 
but there remains more. or less smaller 
sizes than ‘ec due to the turbulence of 
natural sorting process and also is 
washed larger than 4tc, so that the 
curve will be indicated by the broken 
line in Fig.-6. 


Then if the sample has been taken 
from the bottom surface , it will be 
exposed to the disturbances with time 


and finer particles will move to the 
surface and larger to lower. Some 


times later, smaller parvicles than Vec 
will decrease more and mare, and Ytc 
and a little larger than Yowill come to 
the surface to have a tendency that the 
proportion of a little larger part in- 
creases. Such distribution is the chain 
line in Fig.-6. So if the samples are 
taken from the surface thin layer, 
is to approach to Ys. In natural move- 
ments of sea water, te Will vary from 
time to time , so that it has no time 
to match to the size distribution co- 
rresponding to every %..- Accordingly 
~% in the surf zone will be considered 
as the mean standard critical size 
during a certain period. But at the 
tractive regions where the circumstances 
have small variations relatively as off 
shore, ) will be considered very 
nearly to Ys. By such consideration, 
the variation of size distribution 
curves of the surface layer at coast 
will be presumed as follows. 
(1) The variation with time at same 
‘point. 
_(a) When %4,.become larger. 
will become larger, so this will 
indicate the movement of sea water to 
strengthen and to have a tendency of 
erosions. Accordingly the supplies 
from the adjoining reaches will be 
decide whether the erosion will 
happen. 
~ (b) When Y, become smaller. 
will become smaller. The movement 
will weaken and it will indicate a 
tendency of accretion. 

(c) When Yee does not vary. 

4 will be constant and it will be 
considered the movement of sea water 
is unaltered. If the existing coast 
material is assumed to have only a same 
size, ~ will not change even if the 
movement of sea water will change. But 
such coast will exist not at all, so 
an accretion or an erosion will be 
occur corresponding to the increase or 
decrease of supply respectively. 

(2) The variation of size by the situ- 
ation on coast. 
It is assumed that the littoral drift 
variea, from UY, on upper reach to 
on lower in the general course of its 


movement. at = 
(a) When YS oy namely {2S f, 


The sizes of coming particles will be 
smaller than Yc, so all of them will 
move out of the lower reach and not 
supply on the surface to happen erosi9n 


If the movement of water is uniform, 

the lower reach is stable. aot es 

(b) When Yor > Yc, nemely £, 74, 
The sizes of coming particles contain 
larger than %-,;and they will stay on 
the lower reach, but one smaller than 
ue will continue to move as ever. 
In This case the velocities of trans- 
port decrease and occur an accretion. 
If the movement of water is uniform, 
lower reach will be eroded. sf S 

(c) When Yp.9= Yee, snamely Let, 
The coming particles continue to move 
as before and there are neither ero- 
sion nor accretion. 

Generally either (1) or (2) is con- 
sidered to be able to apply through the 
estimation of the direction of littoral 
drift, but it is noted that the volume 
of transportation on the direction of 
normal to the coast line is consider- 
ably large. 

(3) When the course of transport of 
littoral drift differs according 
to the size. 

This fact will be -happen when the 

main direction of littoral drift atv 
heavy storm day differs from the direc- 
tion at milder storm, or the water 
layer containing some suspended mater— 
ials separates from the direction of 
tractive movement. In such case the ; 
hypothesises (1) and (2) will not be ; 
applied altogether , for the size dis- 
tribution curve will be discontinuous. 

After the precise investigation of the 

direction and velocity distributions 
of longshore currents and other over 
all the adjoining water regions, the 
effect of littoral drift should be 
examined from the size distribution of 
drift sand. 


4. Relation between the littoral drift 


and the longshore current. 
As described above, the gravity force 


on sea bottom slope has a large effect 
upon the stability of bottom materials 
and it is supposed that there is (3 b) 
relation between the slope of fore shore 
and the material sizes on that plsce. 
On this problem, the author studied 
along TOMAKOMAI Coast in Hokkaido. On 
the coast of 70 km distance where 
TOMAKOMAI harbour is now under const- 
ruction in its center, the slopes of 
fore shore are measured by 2 m long 
bubble level and the sands on the sur-— 
face are analysed by sieves. Fig.-d 


| 
Leates their size distribution curves movement of sea water. 


Fig.-7 is the relation between the At TOMAKOMAI the velocities’ of long- 
n diameters and the fore shore slopes. shore currents were observed at the 
same time using wooden rod floats which 
. e East Side length 30ce d j A ° 
Tomakomai Coast Sauast Gadek tags 1955 eng 30em and section was 4.5x4.5cm 


1 1 and hung a weight of stone at the 
lower end. The velocity of a longshore 
current is controlled by the longshore 
component of the momentum of waves and 
so has an important relation with the 
longshore transportation of the litto- 
ral drift. By this idea, the relation 
between the velocities of the measured 
longshore currents and the sizes of 
surface.sand at that beach is indicated 
in the logarithmic paper of Fig.-8, 
where the chain line may be a stable 
velocity line and the broken line an 
erosible velocity line and the inter- 
mediate position of these two lines 
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Fore Shore Slope may indicate the erosible degree. The 
broken line shows the relation of the 
PLgaow! formula (5). 
MAKOMAI coast is a storm beach with TomaKkomac Coast Aug. 1955, 


gshore bars and was recognized to 
e the minimum slope stated by Bascom. 


ew points out of the scope was the 

cial case in the neighbourhood of | 

sr mouths. This figure shows that the 

t side coast of breakwater is erosible Yy on 
the west side is more stable. The Ss ie 

es erosible localities at the west > 4 

¢ are supposed to exist from the 2 ¢ 

n direction of the longshore current. x ii 

re it is assumed that the position of G {0 
minimum slope showed by the chain § 

2 in Fig.-7 indicates the stable = Bat, 
te and is more unstable or erosible z aise nol 
uniform movement of sea water so far | | | an 
award from thé line that the broken Ol op adR O03 064 008 068 al 0203 04 A506 OB 10 ee 
e is an erosion line. It is recog- Velocity of Longshore Current 

ed by the assumption that the states Fig. ~ x 

observation points coincide roughly 

h the positions of the points in the The relation between the velocities of 
are. longshore currents and the slopes of 
reover this property coincides with fore shores is indicated in Fig.-9 in 
hypothesis of Johnson and the hypo- the same method as above. 

sis(2) in 3 in this paper. This In Fig.-9 the upper broken line may 
imum possible slope will be shifted point out the ercsion and the lower 
the degree of progression of erosion, chain line the stable beach, and the 
the degree that is found slightly lower part is more stable. 

> erosion on tha beach may have the This erosion line indicates the rela- 
ition of the broken line in Fig.-7. tion of formule (3b). If it is assumed 
this unstable line will indicate to be able to express this relation in 
coast where happens the accretion a straight line on this figure, 
smaller movement of sea water and c (12) 
stable line will indicate the coast S = (ONIN So.0ncgoan 


re happens the erosion by stronger 


In this report, the author stated the 
general problems of littoral drift. 


Tomakomal Coast © East side of Breakwater 
he © West side Aug. 1955 
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rynopsis Sandy beaches are defensive 
ones created by nature, protecting the 
and against aggressive oceanic forces, 
hey are very flexible and their config- 
lations are varying daily, seasonally 
md annually, depending on many factors, 
uch as wave characteristics, beach mate- 
ials, shore structures and the others, 
he investigation of beach erosion is 
me of the most important and difficult 
ubjects in coastal engineering, 

In this paper, a method for investi- 
ating the mechanism of beach erosion is 
resented, concerning the investigation 
ractice of beach erosiion along the north 
oast of the Akashi Strait, and the 
uthor's opinion of the following three 
ubjects to be investigated is described: 

(a) Distribution of sand drift along 
the coast, 

(b) Distribution of sand drift along 
the beach profile, and 

(c) General characteristics of sand 
drift, such’as the type of sedi- 
ment transport, the direction of 
drift and the others, 


q Introduction 


Sandy beaches are defensive zones 
reated by nature, protecting the land 
gainst aggressive oceanic forces, They 
re very flexible and their configurations 
re varying daily, seasonally and annually, 
epending on many factors, such as charac- 
eristics of incoming waves, beach mate- 
ials,. shore structures and the others, 

t is of common observations that during 
torms, the shore line is receded, the 
lope becomes gentle, and the offshore bar 
s formed, while in calm weather, the 

hore line is advanced, the slope becomes 
teep, and the offshore bar is gradually 
isappeared, It may be, therefore, said 
andy beaches hold their virtual equilib- 
ium by the repetition of erosion and de- 
osition, Neverthless, some sandy beaches 
9se their virtual equilibrium for a long 
ime and are gradually eroded, resulted 

1 becoming the non-defensive or wasted 
ne in utilities, Why do such beach ero- 
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sions happen? What and what kind of investi- 
gation shall we do for the analysis of behav- 
iours in beach process? 

The erosion of beaches, of course, is 
caused by the movement of beach materials,. re- 
sulted from the dynamic behaviours of water 
particles by incoming waves, Two types of 
fluid motion in the onshore side from breaking 
point are mostly related to the movement of 
beach sands: One is the reciprocation of water 
caused by the progression of incoming waves 
and the other is the longshore currents caused 
by waves breaked obliquely to the shore line, 
The former motion influences on sand movements 
along the beach profile and directly contri- 
butes to the formation of profile of sandy 
beaches, Variations of sandy beaches in short 
periods, such as the recession of shore lines 
caused by the attack of storms and their pro- 
gress in calm sea, are resulted from the form- 
er action, Herewith, it may be called as the 
deformation of configuration at sandy beaches, 

The littoral drifts, caused by the latter 
action, may be considered one of the fundamental 
factors of dynamic behaviours in beach process 
for a long time, and are similar to the sedi- 
ment transportations in channels resulting in 
the deformations of river beds, Consequently, 
the primary requirements for the clear formu- 
lation of beach process in coastal engineering 
are to investigate throughly the characteristics 
of littoral drifts ig forms of 

1, Distribution of sand drifts along the coast 

2, Distribution of sand drifts along the beach 

profile, and 

3, General characteristics of littoral drifts, 
Hence, the field investigation for beach ero- 
sions sheuld be orientated to the completion of 
above engineering requirements, Neverthless, 

in the present stage, no general methods avail- 
able for field observations and theoretical 
analysis in beach process have not been estab- 
lished, and the present possible way to make 

the behaviour in beach process clear is the 
estimation of qualitative tendency by the sys- 
tematic consideration through direct or in- 
direct observations, Herewith, the engineer- 
ing requirements for the analysis of beach pro- 
cess will be described as follows, 


(1) Distribution of sand drifts along the coast 


if the rate of sediment transportation 
is uniform along the entire region of beach, 
the beach may be called stable for a long 
time, except the short period deformation 
in progression or regression by the action 
of incoming waves, When the distribution 
of sand drifts along the beach, however, 
increases gradually in the direction of 
movement, the beach will be eroded little 
by little, while the beach will be deposit- 
ed and its shore line will be advanced, by 
the decrease of littoral drifts in volume, 
The most important two factors influential 
to the rate of littoral transcortation in 
sand are the littoral component of wave 
energy and the bottom materials, There- 
fore, the distribution of littoral drifts 
will be estimated for given bed materials 
of coasts under investigation and velocity 
of longshore currents determined by dynamic 
characteristics of incoming waves like the 
height of breaker, the incident angle of 
breaker and geological characteristics of 
beaches like bottom configuration and beach 
profiles, 


(2) Distribution of sand drifts along the 

beach profile 

The measurement of distribution of 
sand drifts along the beach profile,result- 
ed in the estimation of critical water 
depth for sediment transportation of sands, 
is of primary significance for the engineer- 
ing contribution to design and construction 
of coastal structures as well as efficiency 
for erosions by constructed structures, 
The engineering practice for measurement of 
this distribution along the beach profile 
will be possible to some extent and some 
collecting equipments of sand drifts have 
been designed and used at Hokkaido Univer- 
sity!), It is, however, still difficult to 
measure sand drifts in the neighbourhood of 
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Fig, 1 Some typical beach profiles at 
the north coast of Akashi 


Strait 
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shore line where the wave action by higher wave 
becomes distinguishly intense under the condi- 
tion of rough weather, As described in GB 

the possible approach is the estimation of dis- 
tribution through considerations of dynamic and 
geological factors influential on the beach pro 
cess with the aid of experimental results, 
Gonsequently. field observations of the distri- 
bution of lonrshore current velocity, bed mate- 
rials, and wave characteristics like wave steep 
ness and beach profile closely related to the — 
distribution of sand drifts may be of most im- 


portance A 
Bid 


(3) General characteristics of sand drifts 

The primary subject of investigation con= 
tributive to the clear formulation of dynamics 
in beach erosion and the practical application 
to design and construction of coastal struc- ~ 
tures is to reveal the general characteristics 
of littoral drifts such as the direction and 
dynamic process of movement of drift, The dire 
tion of movement of sediment is commonly esti=— 
mated by the incident angle of incoming waves, 
However, in case which incoming waves are de- — 
flected and refracted by the complicated fea~ — 
ture of coasts and the offshore structures, the 
refraction diagram for obtaining the direction 
of breaker, the direct, methods by measuring 
littoral drifts by tracing of floats or radio- 
isotope*/or by collecting equipments for sand | 
drifts should be used, Consequently, dynamic 
behaviours in littoral movements will be esti-— 
mated by the field measurements of sand drifts 
along the beach profile and mechanical proper=— 
ties of bed materials as well as characteristie 
of incoming waves, 

The foregoing description is the outlines 
of basic subjects for the investigation of -beae 
process, and the procedure of investigation wil 
be accented in the light of past field observae 
tion conducted by authors at the north coast of 
the Akashi Strait since Aug. (1955. 
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Beach Profiles at the North Coast of the 
Akashi Strait 


z. 


The detailed soundings to obtain the totto 
configuration were conducted at about 100 sec- 
tions of beaches along the shoreline in 15 km 
between the Myohoji River, which was at the eas 
end of the Suma beach and the Akashi River stoo 
at the west end of Akashi City, from July 20 to 
August 50, 1955, Fig, 1 indicates some typical 
beach profiles in the north coast of the Akashi 
otrait, 

The slope at the coast under investigation 
is generally 1/10 or steeper than 1/10 in the 
neighbourhood of the shore line, Especially, 
at, Nishi Tarumi, Shioya and Higashi Tarumi, no 
littoral sand bars are developed and the water 
depth is 7 - 8 m off the coast of 100 m from 
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ind 2 - 4m in water depth, Selecting 
three beaches of Akashi, Nishi Tarumi, and 


ions and estimated wave steepness of in- 
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Fig, 2 Dimensionless representation 
of beach profiles 


Fig, 2 indicates the dimensionless 
‘epresentation of these beach profiles 
livided the distance from the shore line 
ind the water depth by the wave length 
stimated, with the aid of the following 
‘etch graph ( Fig, 7 ), for 5 m/sec, 10 
/sec, and 15 m/sec of winds in velocity. 
espectively, Furthermore, for comparison 
ith observed profiles, the equilibrium 
rofiles experimentally Seed il Kyoto 
niversity are also described 

In the figure, the wave steepness is 
orrected through multiplication of wave 


Tishi Suma as reference. points, the relation 
tween equilibrium profiles at these loca- 


coming waves generated by the S-E wind will 


steepness estimated from the fetch graph by 
refraction coefficients calculated from the re- 
fraction diagram at these locations, 

Evidently, it is seen that the beach pro- 
files at Nishi Suma and Akashi are closely re- 
lated to the experimental equilibrium profiles 
in case of wind velocity, 5 m/sec, or equivalent: 
steepness, 0,03, On the contrary, the beha- 
viours of beach at Nishi Tarumi seems to be dif- 
ferent and in case of 10 - 15 m/sec in wind 
velocity and equivalent steepness of 0,04, the 
beach profile seems to approach stable, How= 
ever, the details of stable beach profile is 
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Fig, 3 Relations between mean diameters of 
beach sand, water depth and distances 
from shoreline at some typical beach 
parts 


very different from that of experimental pro- 
file, Further study to make S&ynamics of detail- 
ed movements of sand clear should be consider- 
ed, 


Oe Bed Materials of the Coast 


At the same time when the sounding were 
conducted, bed materials were also collected at 
about 40 points and every mouth of river and 
sieved by JIS sieves, Fig, 3 indicates rela- 


tions of mean diameters of beach sands 

and water depth to distances from the 
shoreline at four typical beaches, It is 
seen in this figure that the mean diam- 
eter of sand is small in the neighbourhood 
of shoreline and onshore where the wave 
action is distinguishly violent and be- 
comes larger in the offshore part, W, H, 
Bascon°?/obtained similar results in some 
parts of the Pacific Coast, and the max- 
imum diameter of sand were measured at two 
zones of the last breaking point and ordi- 
nary berm, Field observations at the Sen- 
nan coast indicate the maximum size of bot- 
tom material exists at the breaking point, 
resulted in poor sorting of sands, The 
same conclusion for sorting at the west- 
ward beaches from Higashi Tarumi is obtain- 
ed by the present observations, Table 1 


Table 1 Sorting coefficients of beach sand near the 
shoreline at some typical beaches 


Nishi Suma Nishi Tarumi Maiko Akashi 
No, 26 No, 64 No, 74 No, 97 
Sorting 
» Coefficient 1,45 4,85 2,58 phils 


indicates the sorting coefficient of bed 
materials, Vdes/d75 , near the shoreline 
at various beaches along the Akashi Strait, 
It is seen that the coefficient is maximum 
at Nishi Tarumi, Fig, 4 shows the distri- 
bution of minimum mean diameters of beach 
sands near the shoreline along the north 
coast of the Akashi Strait and at mouths 
of rivers, Coastal sands at most parts of 


Distribution of mean diameters 
of beach sand near the shoreline 
along the north coast of Akashi 
Sigaehte 


the coast are not less than several mm in min= 
imum mean diameter except at Nishi Suma, and th 
common tendency in the distribution of grain 
size is not obtained, 


4, Frequency of Wind in Kobe and Akashi 


As the north coast faces the Osaka Bay and 
the Inland Sea and its fetch ts less than about 
80 kn as mentioned afterward, so it is consid- 
ered the coast is hardly influenced by swells © 
even if they enter from the Pacific Ocean 
through the Kitan Strait , and wind waves will 
play a primary role to the beach process, The™ 
investigation of wind characteristics, therefor 
is of essential importance for understanding 
the characteristics of sand drifts at the coast 
Fig, 5 indicates that the frequency diagrams of 
wind velocity for each wind direction in Kobe ( 


8s 


guency 


Fre 


, G§ 
Wind Yelocity "sec ; 
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5 Frequency diagrams of wind velocity 
for each wind direction at Kobe and 
Akashi 
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Dec, 1954 to Nov, 1955) and Akashi 
m Jun, to Nov, 1955), Frequent direc- 
Ss of winds are E, S, SSW, and W and 
winds bring strong velocity, ‘The 
conclusion is also derived in Fig, 6 
th indicates the frequency diagram of 
i velocity for east and west winds in 
- Nearly all winds of velocity over 


9 


) 

Fig, 6 Frequency diagram of wind 
velocity for east side wind 
and west side wind in Kobe 


/sec are in the direction from west, 
refore, it may be assumed the great 
t of sand drifts move from west to east, 


Waves at the North Coast of the Akashi 
Strait 


) Characteristics of deep water waves 
The characteristics of waves in deep 
er generated within several decade km 
fetch are determined by fetch and wind 
ocity, Fig, 7 is the diagram of wave 
cht, Ho, wave length, Lo, and wave pe- 
Be, 15" in degp water obtained by C, L, 
tschneider’? after correcting the fetch 
ph of Sverdrup and Munk, In the figure, 
L,, and T are calculated directly for 
en values of wind velocity and fetch, 
. 8 is the diagram of wave steepness H,/ 
in deep water obtained from the fetch 
ph, Therefore, two values of U and F are 
wired for obtaining the characteristics 
deep water waves, Fig, 9 describes the 
ches in directions of frequent winds at 
hi Suma, Tarumi and Akashi beaches, and 


y are ranged from 30 = 40 km in the direc- 


n from SSW to E, to 70 = 80 km in the 
ection from SW toW, Table 2 shows the 
roximate values of wave height, period 
steepness in deep water for relatively 
ong and frequent winds at the coast, 


) Refraction of waves and equivalent 
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Fig, 7 Diagram of wave height, wave length 
and wave period in deep water obtained 
from the fetch graph by Sverdrup- 
MunksBretschneider 


Fig, 8 Diagram of wave steepness in deep 
water obtained from the fetch graph 
Dymo ties 


wave steepness 

The characteristics of waves in deep water 
are gradually changed by refraction and dif- 
fraction resulted from the bottom variations in 
configuration, Consequently, the refraction 
and diffraction coefficients are required for 
the determination of the characteristics of re- 
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Table 2 Approximate values of wave height, period and 
steepness in deep water for selected wind 
velocities at the north coast of Akashi Strait 


B SE S 

U m/sec 8 5 12 
gene DEOSL se 0,5-0,6 1.81.9 
T sec 4,0=4,4 5,123.2 5,2-5,/4 


WSW W WNW 
8 8 10 
liga 1.4 iL, Say 
5,0=5,2 5,0=5,2 5,1-5.5 


Hs/Sp 0,036-0,037 0,031-0,032 0,040-0,041 0,032-0,033 0,032-0,033 0,037-0,039 


Nishi-Suma a 


Akashi 


Fem 


Fig, 9 Fetches for each direction at 
typical beaches of the north 
coast of Akashi Strait 


fracted and diffracted waves through the 
refraction and diffraction diagrams, 

Fig, 10 ig an example of refraction 
Ciagram for the wave of 4 sec, in wave 
period from east drawn by the wave crest 
method, In the same manners, five re- 
fraction diagrams for waves of directions, 


S53, and wave period 3 sec, and directions 


of S, WSW, W and NW with wave period 5 sec, ( 
the diffraction by the Awaji Island is also 
considered) were drawn and refraction coeffi- 
cients at several beaches under consideration 
were estimated, The refraction coefficient is 
used as the square root of the ratio of dis- 
tance S, between two orthogonals in deep’ water 
to distance Sp in breaking point, 

Let the equivalent deep water wave be an 
assumed incoming wave in deep water, perpen 
dicular to the shoreline, of which character- 
istics at the beach are equivalent to those of 
refracted waves, Then the wave steepness for 
such equivalent waves in deep water, which is 
called the equivalent steepness, is readil 
calculated by the product of Ho/L, to VS TS, 
and are indicated in Table 3, 

It is seen in the table that the equiva- 
lent wave steepness at the coast is commonly - 
small and the classification of storm beach of 
wave steepness more than 0,025 - 0,030, for 
which the littoral sand bar is formed, are as 
follows: for SE winds, Akashi and the east 
coast from Nishi Tarumi, for S winds, the east 
coast from Nishi Tarumi, for WSW winds, Akashi, 
The most significant behaviours, which charac- 
terize the seasonal beach profile in summer 
and winter and the movement of sand drifts, are 
that the S wind forms higher waves of large 


steepness while the W - WNW winds generate low- 
er waves, 


(3) Depth and height of breakers 
The beans) 2 depth is calculated by the 
breaker index?’ for a given equivalent wave 
steepness and Table 4 indicates the breaker 
depth for particular wind velocities occured 


: 


most frequently at typical beaches of the coast, 


and it is understood that at some beaches the 
breaker depth for the S wind is over 2 m and 
the littoral sand bar at the Suma beach will 
be formed under above described particular 
gircumstances, The breaker height is approxi- 
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Fig, 10 Refraction diagram for the wave of direction E and 
period 4 sec, 


Table 3 Equivalent initial steepness in deep water for selected 
wind velocities at typical beaches of the north coast 
of Akashi Strait 


Wind direction E SE Ss WSW W WNW 
Akashi 0,005 0,031 0,017 0,013 0,008 0,027 
Yamada 0,005 0,025 0,023 0,017 0,006 0,022 


Nishi Maiko 0,008 0,028 0,025 0,030 0,008 0,014 


Nishi Tarumi 0,022 0,030 0,040 0,001 0,010 0,009 


Shioya 0.023 0,031 0,040 ? 0,010 0,006 
Nishi Suma 0,021 0,032 0,041 ? 0,008 0,003 
Higashi Suma 0,026 0,032 0,040 ? 0,004 0,002 


Table 4 Breaking depth for selected wind velocities at typical 
beaches of the north coast of Akashi Strait (unit: m) 


Wind direction E SE s WSW W WNW 
Akashi 0,4 0.8 sll 0.9 0,7 1,4 
Yamada 0,4 0,6 1.5 nial 0.6 1,3 
Nishi Maiko 0,5 Guy 4a" * 1.6 to 0,7 1,0 
Nishi Tarumi 1 0) 0,7 2.4 0,4 0,8 0.8 
Shioya 1f0 0,7 2,4 2 0.8 0,6 
Nishi Suma 0,9 0,8 2,4 ? 0,7 0,4 
Higashi Suma 1,0 0,8 2,4 ? 0,5 0,3 
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Fig, 11 Diagram for obtaining the breaker angle ob from the 
initial steepness H)/L, and tke crest angle in 


deep water 


mately calculated by the following rela- 
tion, 


Ay = H,(S,/S,)* (1) 


Or strictly, it is expressed, with the aid 
of Hp/H, = (hp/L,), in a form of 


Hp =H,f(m4/1,)(S,/S,)" (4) 


Along the coast, however, the diameter of 
bottom materials is relatively large and 
it is expected the wave height will be 
decreased by the percolation through the 
sea bottom, and therefore, Eq, (1) will 
be used as an engineering approximation 
to calculate the breaker height, 

Dotted line in Fig, 12 indicates 
local distributions of the breaker height 
calculated by Eq, (1) for varicus winds, 


6, Longshore Current at the Coast 
J Putnam, W, H, Munk and M, A, 


seek 
Traylor!) derived the relation of the long- 
shore current in a form of 


= (a/2)[ 1+ (4e/a)sin X= 1 | . 


a =(2,61Hpicos &,)/kT, 


where 


2 
c = (2,28gH,) (2) 


D, L, Inman and W, H, Quinnl2) obtained the 
friction coefficient k in Eq, (2) as a func- 
tion of V based on the experimental and 
field observations, and finally presented 
rather empirical formula of velocity of 
longshore current in a form of 
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Fig, 12 Distributions of longshore current 


velocity calculated by Eq, (3) and 
the breaker height for selected 
wind velocities along the north 
coast of Akashi Strait 


v=[{ +9) - =| ‘ (3) 
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Fig, 14 Relation between calculated values 
by Eq, (6) and observed data 


al 


) ol El +48 Zo ing the possible values of Kpin accuracy, Fig, 
Longshore Current Velocity VY BEC 11, which indicates the relation between op» and 
the wave steepness of deep water waves as a 
g. 13 Relation between coefficient parametric expression of crest angle, &», in 
ot friction k and longshore deep water, is used, 
current velocity V This figure is calculated by means of the 
law of Snell and the breaker index, while P, 
» (646H icos & )/T, Groen and M, P, H, Weenik!5/ made the same dia- 
: f gram with the aid of Snell law and the hydraulic 
c.sin& , ( m,sec - unit ), characteristics of solitary waves, 
The angle of the crest line, thus, to the 
ich V is the velocity of longshore shoreline at the breaking point is estimated for 
nt, Ap: the angle of shoreline to given values of ‘H,/L anc Xo. As the deep water 


ave crest at the breaking point, i: waves at the Akashi coast are short in wave 
ean beach slope between the breaking length and changed to the shallow water waves at 
and tne shoreline, and g : the ac- the water depth of 15 - 20 m, the value of Ky 


ation ot gravity, in first approximation may be obtained under the 
The breaker angle, o&p, may be direct- condition of locally straight soast, 
tained by the refraction diagram of Fig, 12 indicates the distribution of velo- 


iO, but the desirable accuracy for Xb city of the longshore current calculated by Eq, 
mined by the diagram of large scele (3) and the breaker height, 
tu expected, Therefore, for obtain- This figure is of primary importance to 


Table 5 ‘Tendency of beach process at each part of the 
coast for various wind directions 


‘art along the coast E SE S WSW W WNW 
\kashi-Yamada NC D NC E D E 
Yamada-Nishi “iaiko NC D D D D D 
Nishi Maiko-Nishi Tarumi D E E E E E 
Nishi Tarumi-Shioya NC NC E hi 5 D 
Shioya-Nishi Suma aD) NC B ? D D 
Nishi Suma-Higashi Suma E D D t D D 
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investigate the characteristics of lit- 
toral drifts and the dynamic behaviours 
in beach erosions, 

In October, 1955 and August, 1956, 
the field observations of longshore cur-= 
rent. velocities were performed by the 
authors at Higashi Tarumi, resulted in a 
poor agreement with the empirical formula 
of Inman and Quinn, Then, the reexami- 
nation of behaviours of frictional coef- 
ficient, k, in the empirical formula (3) 
is considered with the aid of field ob- 
servations, 

The transformation of Eq, (2) yields 
the following equation, 


k = 2,61H,icos op (csinX, -V)/V*T (4) 


Insertion of the observed data of long- 
shore current velocities and character- 
istics into Eq, (4) leads to the deter- 
mination of k, as seen in Fig, 13, 

The first approximation of k as a 
function of V is expressed in a form of 


aac 
‘ (5) 


Thus, the revised formulas for V and x 
becomes 


v= ae eel (6) 


x =(124Hicos %b)/T, 


k =0,021V 


y=ouc sin & 


Fig, 14 incicates the relation between 
calculated values by Eq, (6) and observed 
data, 


es Consideration of Mechanism of Erosion 
Littoral Drift along the Coast 


(1) Distribution of littoral drift along 

the coast 

The most important factors influen- 
tial on the littoral drift are the long- 
shore current velocity and the grain size 
of bottom materials, At the coast the 
grain size of bottom materials are large, 
and the equivalent wave steepness is com- 
parably small, and therefore, it is sup- 
posed that the littoral drifts are mostly 
composed of beach drifts near the shore- 
line, As the grain size of bed materials 
near the shoreline at the coast is several 
mm in diameter, as seen in Fig, 4, so the 
velocity of longshore current will mainly 
influence on the littoral drifts, If the 
distribution of littoral drifts is related 
to the distribution of velocity of long- 


shore shown in Fig, 12, the dynamic behaviours 
of erosion and deposition in beach process will 
be considered with the use of the figure, Al- 
though such behaviours at the Sen-nan coast ~ 
have been discussed by the distribution of break 
er height, the better estimation along the ire 
regular coast will be obtained with the aid of 
knowledge of velocity of longshore current, Con 
sidering in Fig, 12 that the beaches where the 
longshore velocity increases in the direction of 
longshore current is eroded while the beach of 
decresing velocity is deposited, Table 5 indi- 
cates the dynamic behaviours of erosion and de- 
position in beach process will be obtained, 

Evidently in inspection of Table 5, it is 
of significance that beaches between Nishi 
Maiko and Nishi Tarumi are eroded for all winds 
except E while beaches between Nishi Suma and 
Higashi Suma, and Nishi Maiko and Yamada will 
be deposited, As strong winds are frequently — 
blown from west and south, so particular beach- 
es along the Akashi Strait will be fundamentally 
characterized by the above described behaviours 
in beach process, 


(2) Distribution of sand drifts along the 

beach profile 

T, Saville, Jr,15) ana one of the authors! 
revealed experimentally the sand drifts were 
transported as bed load movement for less wave 
steepness not more than 0,025 and the movement 
was limited in a very narrow zone near the shore 
line, As seen in Table 3, the equivalent wave 
steepness at this coast is very small except f 
cases of wind directions, S and SE, and the ~— 
grain size of bottom materials is considerably 
large, Therefore, it is supposed nearly all 
sand drifts are transported in the onshore sid 
from the breaking point, At this coast, howeve 
the tidal current is very fast, so that the ail 
drifts due to the tidal current snould be con-= 
sidered, As the highest velocity of tidal curs 
rent observed at the coast is V=1,6 m/sec, 
and the water depth is 10 m, so the movable 
largest size of bottom materials is estimated } 
2-6 mm in diameter, with the aid of following 
relation of critical tractive force, 


| G/p = = nVg2/ne > (7) 


where (2: frictional force on the bottom, f 3 
density of sea water and n : Manning ee SE 
assumed 0,01 and 0,02 (msec), : 
The detailed observations of tidal current 
velocity near the shoreline and the establish-~ 
ment of the relation between tidal current and 
longshore current were performed by the authors 
in October, 1955, Fig, 15 is an example of cum 
rent velocity distribution, and it is seen that 
the breaker height is very low and the clear 
distinction between the longshore current in the 


—(0e— 


| &7 
| gouge 
bro 
/ S 
be 
| SN 
g 
| 8 
YQ 
| Or ae 03 
| Current Velocily "Bec 


g. 15 Example of current velocity 
distribution at the onshore 
of Higashi Tarumi beach 


tore and the tidal current in the off- 
: exists at the breaking point, 
It is also recognized that the velo- 
of tidal current increases with the 
ince from the breaking point, while the 
sity of longshore current is not uni- 
y distributed and increases near the 
line, 
Although the tidal current is larger 
Locity than longshore current in this 
the tidal current carries no bed 
‘als, because the running direction 
dal current is parallel to the shore- 


The sand drifts are transported by 
actions of longshore current and 
ers, and therefore, there exists sand 
within the zone of bed materials 
_by the disturbance of breakers near 
oast, 
Fig, 16 is an example of the distri- 
n of the rate of sediment transporta- 
near the shoreline at the Higashi 
i beach, The sand trap (sampler) used 
mouth of 4 cm and 2 cm in area and a 
clothsack was attached at the back of 
» it is seen in Fig, 16 the movement 
diment is almost limited in the on- 
zone from the breaking point, maxi- 
oint in the rate of transportation is 
the shoreline, and its distribution 
milar to the experimental results in 
of small wave steepness, 


teneral characteristics of sand drifts 
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Fig, 16 Example of distribution of rate 
of sediment transportation near 
shoreline of Higashi Tarumi beach 


As nearly almost strong winds come from 
west, so it will be supposed that the littoral 
drifts are carried from west to east, However, 
most volumes of drifts may be deposited by many 
coastal structures like jetties in case of small 
incoming waves, so that the speed of erosion and 
deposition in beach process will also be slow, 

Already described, as the coastal behaviours 
at the Akashi Strait are essentially character- 
ized by incoming waves of small equivalent wave 
steepness and large grain size of bottom mate-~ 
rials, so the type of drift movement is classi- 
fied as the movement of beach sand drifts near 
the shoreline, Therefore, the most parts of 
sands Will be deposited by comparably short jet- 
ties, However, in case of the wind direction, S, 
the breaker depth and the wave steepness are 
large at the east coast from Nishi Tarumi, so 
that careful consideration contributive to engi- 
neering satisfaction of prevention from beach 
erosions should be required for the construction 
of. coastal structures, 


(4) Estimation of rate of littoral drifts 

Concerning the pha of rate of lite 
toral Sip kot a5 iM, Caldwe111® (1956) and G, M, 
Wattst9)(1953) published the following empirical 
relation between the energy of incoming wave and 
the rate of sand transportation, based on observ- 
ed data .at South Worth Inlet, Florida and Anaheim 
Bay, California, 


ey 


1 


(8) 


in which k and m are constant, Q. is the rate 
of sand drifts per hour, and E. is the coastal 
part of transmitted wave energy along the coast 
per unit length per hour, , 

For engineering purpose of establishment of 
the relation between the energy of incoming wave 
and the rate of sand transportation at the north 
coast of Akashi Strait, the hydraulic behaviours 
of erosion and deposition in beach process were 
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Fig, 17 Relation between shoreline part of wave energy and 
rate of sand transportation 


Plate 1 Temporary jetty for observa- 
tion of rate of beach drifts 


observed from August 18 - 30, 1956, at 
Higashi Tarumi, The measurement of the rate 
of transported materials was conducted twice 
a day at 9 am, arid 3 pm, by setting a tempo- 
rary jetty of small scale as seen in Plate 

Fig, 17 indicates the observed data at 
Higashi Tarumi and the results at: Miyazu 
coast are plotted, and furthermore, the 
empirical relation obtained by Caldwell and 
Watts is also drawn in the same figure and 
it is in a form of 


Q= 0,00258, °° (m>/nr,, kgem/hr,, m) 


It is seen the rate of littoral drifts at 
Higashi Tarumi is less than that at the 
other coasts, 


It is supposed this may be due to the fac 
that the grain size of bottom material at the 
north coast of Akashi Strait is larger than t 
at other coasts, The scattering of observed ; 
in Fig, 17 will be resulted from the differences 
in the rate of sand transportation due to the © 
characteristics of incoming waves, which has ; 
made clear by Saville and J, W, Johnson, 

Consequently, the observed data at Higas 
Tarumi are involved within two limits of empi 
rélations derived by the same procedures as 
Caldwell and Watts -did, 


ane, ee 


8, Conclusion 


In this paper, the investigation procedures 
on hydraulic behaviours of erosion and depositic 
in beach process are accented in the light of t 
modern knowledge in hydrodynamics and past ex=_ 
perience in coastal engineering and the methods 
described here are also considered less in “_ 
and more in efficiency, 

There still remain unsolved problems Like 
simple method of observation of incoming waves, 
influences of tidal currents to refracted waves, 
effects of jetties, supply source of sands, art: 
ficial nourishments and so on, 

The research procedure described in the pre 
sent paper may be considered the most systematii 
method for engineering purvose of complete estai 
lishment of investigation contributive to the 
further development in coastal engineering, 
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SAND TRANSPORT ALONG A MODEL SANDY BEACH 


BY WAVE ACTION 


Kinji SHINOHARA, Toichird TSUBAKI, Masuo YOSHITAKA, 


and Chiaki AGEMORI 


1. Introduction 
in this report, an attempt has been 

made to clarify the mechanism by which the 
sandy beach profile changes due to waves and 

to evaluate the beach sediment moving thereby, 
i.e., the amount of beach drift. Beach drift 
is supposed to move on the beach surface by 
waves near the shore, especially by the break- 
ers, or to float and transport by longshore 
current. Such phenomena of the beach drift 
moving by waves and changing shore line as 
this have been already given three dimensional 
experiment by Saville’ end Johnson and Dr. 
Iwagaki” has also conducted measurement of two 
dimensional equilibrium profile and the distri- 
bution of sand transport which is in normal 
direction to shore line, obtaining interesting 
result respectively. In these experiments, 
however, sand of O.%mm was used for beach 
sediments and the properties of the waves of 
deep water were so much alike, and if the result 
is applied to actual sandy beach, it seems to 
correspond to the case where the heach sedi- 
‘ment size is comparatively large. Judging 
from the important pert played by the sediment 
size upon the non-dimensional representation 
of tractive force of flow, the distribution 
of concentration of suspended load and its 
amount in sediment problem in rivers, the 
effect of beach sediments is considered to 


be extremely great. Accordingly, when experi- 


mental results are to be applied to actual 
sandy beach, it is necessary to enlarge the 
sediment size to a wider range and to est- 
ablish similarity between the property of 
beach sediments and that of waves. From 
such viewpoint as this, the authors have 
tried in this experiment to investigate 
sand transport by wave action at the beach 
of small sediment size by reducing the 
specific gravity, using pulverized coal 
instead of small size of sand. If classi- 
fied roughly as in the case of river sedi- 
ment, the form of sediment transport may 
be divided into the traction near the 
bottom and suspension, and in view of 
little attention hitherto paid to it despi- 
te of its practical importance as the cause 
for beach drift, they also measured the 
amount of bed-load as well as that of 
suspended load. 
2. Experimental Apparatus and Method 

The experiment was carried out in a 
water tank of organic glass, stiffened steel 
frame works, 50cm wide, 50cm tall and 20m 
long. The wave making machine was of flutt- 
er type and its general view is seen by the 
photographs 1 and 2. In this tank was made 
a model sandy beach, 4.5m long in the part 
of lore and 1/10 in gradient, as shown in 
the photograph 3. The depth of the water 


was made 35cm at all cases. As to the 


measurement of wave property, wave length 

and mean wave height were evaluated at the 
adjacent part of the beach end by an electric 
point gauge, transforming it into the quant3- 
ty of wave of deep water by the theory of 
waves with small amplitude. Height of break- 
ers, breaking depth and the change of wave 
height near the plunge point were determined 
by piecing together the results of measure- 
ment from the side as well as those from 
pictures and electric point place Puoteere- 
phs 4 and 5 show the electric point gauge 
used for measurement deviced by Mr. Awaya 

of this Institute. With a view to catching 
the :sand that moves near the bottom, the 
authors adopted the method to bury at the 
bottom a sand trap which is provided with a 
rectangular opening, about 5cm long and 3cm 
wide, nearly the same with the apparatus 
used by Dr. Iwagaki. The sand trap was 
allotted one par a section, and messurement 
was carried out while sucking out the sand 
that fall through the opening together with 
water by means of siphon, putting no distinc- 
tion between uprush and back rush. In using 
siphon, it is desirable to make its absorp- 
tion rate as small as possible, because it 
leads to overestimate sand amount due to the 
generation of downward velocity on the surface 
of the sand trap. However, as the pipe beco- 
mes choked if velocity is too small, the 
standard for this experiment was placed at 

the condition where the velocity at the sand 
trap is almost equivalent to the settling 
velocity of sand and pulverized coal respecti- 


vely. By the way, in order to prevent sand 
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from falling into the hole sideways, flanges 
were installed at the sides; 2mm one for sand, 
lem one for pulverized coal. 

As it is impossible to sample sand with 
siphon on the land-side from the shore-line 
and as amount of transport also changes 
considerably according to the distance from 
the shore-line, measurement was made by 
burying a sand trap of 2cm long and 3cm wide 
for a given time and taking it up by hand. 
These sand-traps are shown in the phatograph 6 

The distribution of sediment concentration 
in depth direction of each section was examin- 
ed, sampling suspended load with siphon by 
arrenging glass tubes of 2m inside diameter 
4 ~ 10 per a section in zig-zag lines, cover- 
ing the entire range in which sand moves from 
the beach-line. The photograph 7 shows the 
condition of sampling suspended load. 

The beach sediments used for experiment 
are sand and pulverized coal with such grad- 
ing curves as shown in Fig. 1, whose mean 
diameter is respectively 0.2mm and 0.%mm and 
almost uniform. Specific gravity of sand 
was 2.66 and that of pulverized coal 1.29. 

The settling velocity of sand and pulverized 
coal which was evaluated by dividing both 
according to diameter and was averaged by 
adding weight to grading distribution were 
respectively 2.19cm/s (water temperature 15 C) 
and l.l4em/s (water temperature 25°C). 

The property of wave submitted to experi- 
ment was 0.59 ~ 1.65 sec. in period, 1.459 ~ 
5.68cm in wave height and 0.00922 ~,/ 0.0685 in 
initial steepness. 


As to the method and order of experiment, 
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Fig.- 1 grading curve for beach sediments 
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(sand) 
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Fig.- 2.b Beach profile and sand transport (2) 
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Fig.- 2.c Beach profile and sand transport (3) 
(pulverized coal) 
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suspended load was measured after four hours 
from the veginning, when the beach was assum- 
ed to have nearly reached to its equilibrium 
condition, then beach profile was measured 
after 5 -~ 7 hours both at the sides and the 
central section and after that, measurement 
of the amount of sand transport on the bottom 
was done by means of sand traps. The result 
of experiment obtained by the above-mentioned 
method logks like the attached table, a part 
of which will become Fig. 2, when illustrated. 

The original points in the figure are the 
shore line on the slope 1/10, and what is 
called "the amount of sand trap sand" repres+ 
ents the amount of sand that moves back and 
forth near the bottom. Explanations concern- 
ing to bottom concentration and diffusion 
coefficient will be given in later chapters. 
3. Beach Profiles 

* When a given wave of deep water is sent 
to beach of a slope 1/10, it is gradually 
changed, approaching to a equilibrium condi- 
tion corresponding with the characteristics 
of wave of deep water and the properties of 
beach sediment. Letting the depth from still 
water surface to the bottom be fi, to express 
this profile (Fig. -3), & is considered 
to be the function of (1) the property of 
waves, (2) the property of beach sediment, 
(3) the distance 2 from shore line which 
is made origin. As the properties of waves, 
wave height [{, , period T, gravitational 
acceleration g or wave length [,, are 
epnetaersay and as the properties of sedi- 
ment, specific gravity of beach sediment in 


the water +f and granular diameter PD are 
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sonsidered. Accordingly, taking axis X 
to the open sea making shore line origin, 
the beach profile reaching to a equilibriun 
condition is considered to be expressed by 


the following functional form: 


x, He, hd) (1) 


Letting wave length of the waves of deep 
water be L,, , then L,= IT Jo » and, 
therefore, the equation (1) becomes 


Bf, 5,Hed) 


o "3D (2) 


where Jo = Hy is initial steepness which is 
° 


considered to be the parameter govering the 


property of breakers. Since height of break- 
ers and depth of breaking are considered to 
be expressed as function of 6, according 
to the past studies, it is most important 
as the parameter providing for beach profile. 
Tt iS also possible to consider Hyp as 
follows, i.e., non-dimensional expression 
of the tractive force of stream flow is Uy ) 
putting U, for friction velocity. As for } 
the velocity corresponding to (J, in case — 
of waves, | 
(i) assuming d, as small and having the ; 
property of long wave at plunge point, 


we get ; 
U,~1 GH, —1 GH. £66) 


H, : height of breakers 


a 
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(ii) and assuming it as having the property 


of surface wave, we get 


Ua Ayf eo He f(5)~ Hy (6)= 19H. 41ED 


in any cases, the tractive force in case of 


waves will be expressed by 


Bap iG JE fc.) 


where He/4p becomes parameter indicating 


the magnitude of tractive force in case of 


waves. 


When beach profile of an actual shore 


where waves suffer such local effect as refrac- 


tion and other is compared to an experimental 
one,’ it is desirable to express beach profile 
non=dimensionally with the property of break- 
ers as Dr. Iwagaki has pointed out. In this 
ease, it will suffice to represent beach pro- 


file with }, instead of H,in the equation (1) 


The experiment on equilibrium beach pro- 


° 


files has been made in full datails by Dr. Iwa- 


geki, but the sand used being 0.3mm in mean 
diameter and }{, within the range of 2.05 - 5. 
88cm, the value of HAD in the equation (2) 
becomes 42.7 - 122.5 assuming if = 1.6, and if 
applied to actual beaches, it corresponds to 
the case of beaches with the sediment of large 
granular diameter. As it is difficult in the 
experiment of sand to maintain similarity bet- 


ween the shore where beach is composed of fine 


sand and the experiment, pulverized coal was 


used to remove this difficulty, with success to 


enlarge the range of He/4p for the same d, 


five times. 


According to the authors' experiments, it 


used. 
= 59.9 ~ 170.8 when sand was,and 


was Hop 


Ci 


He YD = 350 ~ 640 when pulverized coal 
was used. 

With respect to the change of beach 
profile, the difference of equilibrium beach 
profile due to the change of initial steep- 
ness Ons the effect of HD and the rela- 
tion 6, with the slope of foreshore were 
examined. 

Fig. -4 shows beach profile expressed 
non-dimensionally when steepness is approxi- 
mately 0.01, 0118, 0.03 and 0.06, where the 
result of Dr. Iwagaki's experiments is also 
shown in broken lines for comparison. In 
Fig. -5 is given the relation of slope of 
foreshore I with So - These figure reveal 
that the slopes of foreshore and surf zone 
are considerably different according to bea- 
ch sediment. That is to say, while both the 
results of Dr. Iwagaki's experiment and of 
the authors’ experiment using sand for beach 
sediment correspond very well due to nearly 
the same HAD » the slope in the case of 
pulverized coal whose Hepp is as large as 
about 4-6 times of sand is pretty small 
compared to sand. This seems to reveal that 
beach profile is subject not only to the 
steepness but to the effect of Hefp « 
Since sf is nearly constant at an actual 
shore, it is considered to be due to this 
that the smaller the size of beach sediment 
is, the slower beach slope becomes. 

In the experiment with sand as beach 
sediment, there the boundary becomes appar=- 
ent between the part where beach profile 
has changed from its initial slope 1/10 and 


the pert that suffered no change. The end 
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point of the change of this beach profile is 
also considered to indicate the limit of sand 
transport. Dr. Seiichi ety wc assumed the 
transport limit of sand to be equivalent to 
the boundary condition in which shearing st- 
ress by waves can move sand has proposed fo- 
llowing equation for transport limit depth 

, putting H for wave height of that point, 
L for wave length, and U,»for mean value of 
semicycle period of water particle velocity 


at the bottom, 


TH 


1D 
25 a Tai ge (3) 


where, U,,is expressed in ™/gec and D in m. 
As for the definition of transport limit of 
sand, the Points based on practical view are 
that transport grow less conspicuous or it 
entirely goes out, but the equation (3) corr- 
esponds to the former definition and the end 
point of the change of beach profile in the 
authors’ experiment to the latter. 

Letting velocity of water particle in © 


direction be UL 


aH cosh = (A+ Y) 


nk ea zr 


cot RD) gf ZEL- 2KL) 


accordingly, maximum velocity at the bottom 
is 

ie sof 2B | 

max "Sink 2 

When we consider the maximum fluid resi- 
stance due to maximum value of velocity of 
water particle [/ LB = X is expected to + 
take a given value X,at the end point of the 
change of beach profile. Substituting, there- 


fore, the value of wave of deep water for H 


and L, ff war be given by the following equa- 


20 


tion as the function of aa = - (4S 
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L 
According to the nr of critical 


tractive force at rivers, the ratio of criti- 
cal friction velocity Utolsgpis 0.18~0.28, 
though it varies according to sediment Size. 
Again. adopting the velocity at the place 
detached one grain from the bottom, assuming 
it as representative velocity with repsect 
to the sand transport at the bottom, it is 
considered to be Ub/ Uys = 8.5 and therefore, 
the value of Ue /3qD will be 1.53~2.38. 
In case of wave§ using maximum value Unmet 
velocity of water particle at the bottom as 
the U,,the result is to be Xap 1655 
~ 2.38. 
fe /),. with Ht / ygpessuming Xam WeOd yaett 
will be like Fig. -6, presenting a close 


Now evaluating the relation of 


resemblance with actual measurement. Putting 
again of = 1.66, XK = 4.04 in the equation 
(4), we can get the equation (3), The fact 
that the value of this X is more than twice 
as large as the value of Xgwhich represents 
the authors' end point of the change of beach 
profile leads to a presumption that Dr. Sato's 
standard of transport limit indicates such 
depth where sand transport practically ceases 
to be conspicuous. 

Examining the difference in beach sedi- 
ment of sand and pulverized coal in the next 
place, while in the former, the larger 6, 
grows, the more distinct longshore bar is 
shaped, in the latter, there is no growth of 


longshore bar, only assuming the linear shape 


en rats 


} 


of nearly 1,10 gradient. The longshore bar 
is considered to be formed by the sand that 
had been carried from surf zone to the part 
of waves of deep sea due to the back rush 
from plunge point and deposited from plunge 
point to transport limit point owing to the 
existance of transport limit of beach sedi- 
ment. Accordingly, for the growth of bar, 
the distance of plunge point and transport 
limit is considered to be one of the impor- 
tant factors. In case of pulverized coal, 
the reason why it fails to form longshore 
bay may be ascribed to the fact that the 
preceding distance is long because of its 
large Hep and transport of beach sediment 
is observed all over the beach in most cases, 
being devoid of the function to hold beach 
sediments which are carried toward deep sea. 
4, Sand Transport along the Bottom 


As in the case of sediment of rivers, 


sediment transport by waves will be studied, dividing 


it into traction and suspension. There is 
the transition region between the bed load 
layer along the bottom and the suspended load 
layer above it, and it will be theoretically 
difficult to separate the sediment transport 
of the bed load layer and that of the transi- 
tion region. The amount of sediment in sus- 
pension layer can be evaluated pretty accura- 
tely by absorbing sediment along with water 
through siphon and measuring concentration 
distribution, but it is empirically very 
difficult to measure sand transport in the 
bed load layer and transition region. In 
order to measure the amount of these sand 


transport, there seems to be, for the present, 


no better method than to represent it with 
sand that fall into the sand trap buried in 
the bottom, but this method makes it difficult 
to prevent mixing of suspended load. On the 
other hand, by absorbing the sand that fell 
into sand trap along with water the amount of 
sand will depend upon the rate of absorption. 

There is thus considerable difficulty in 
the experiment due to sand trap, especially 
in the case of pulverized coal, measurement 
error is great at the section where the amourt 
of transport is larger, for the thickness of 
bed load layer and transition region amounted 
to a few centimeters, making it also hard to 
give it theoretical significance. The authors 
will tentatively assume here for simplicity 
that the sand that entered into sand trap 
represents the amount of the send transported 
along the bottom. 

Beach sediment forming beach seems to be 
transported by various reasons such as the 
current. after plunge resulting from velocity 
of water particle of a wave or mass transport, 
disturbance due to impact, backrush and others, 
but amounts cf transport and their distribu- 
tion are extremely complicated. In this study, 
therefore, it has been made an object to exam- 
ine its property through experiment, shelving 
any attempt to clarify theoretically sand tra- 
nsport along the bottom for future study. 

Now the amount of sand transport (in abe. 
solute volume) that passes back and forth acp- 
oss unit width in unit time will be assumed 
here as q ( LAT ). Since the parameters 
related to F are H.» T and q will respect 


to waves of deep,sea and _f , PD to beach 
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sediment, following equation is conceivable 
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On the other hand, in the case of rivers 
which are in equilibrium condition with respe- 
ct to sediment, when tractive force is consi- 
derably larger than its critical value, the 
amount of sand transported along the river 


bed will be expressed as follows: 


2 
ae 2 U2 am 
1G D> col gD ( 4G9D 


where the value of indéx Wis MWe. 1 sccord- 
ing to ©.B. Brown” and when it is only bed 
load, it is said to become m= 0. The above 
equation may be transformed as 95g/ x= Yap’ 
In the case of sand transport by waves, 

it presents extremely unbalanced condition 
unlike the case of river sediment, and it 
seems to have sand transport mechanism differ- 
ent river sediment, being subject to such 
great influence as disturbance from impact 
beside the shearing stress due to current. 
Assuming tentatively, however, that an analo- 
gical inference is to be admitted, the amount 
of sand transport may be expressed by the 


following equation considering what correspon- 


as Uy29KH.f 6, A)" 
BBFC Hd) (5) 


Fig. -7 shows the relation of ® with 
L/\,, by various steepness, from which it 

is proved that, when the beach sediment is 
composed of sand, sand transport is concent- 
rated to the shore line in the case of a wave 


of small G55 whereas, with the increase 
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of steepness, transport along the shore line 
is reduced, sand transport at the step of 
surf zone as well as at the longshore bar 
becomes conspicuous, and longshore drift 
predominates over all others. On the other 
hand, in the case of pulverized coal, no 
matter how large bo is, sediment transport 
is seen to grow maximum at foam line just 
after plunge point, considerably affected by 
disturbance resulting from impact. It is 
also worth attention that sediment transport 
at foreshore is so extremely small that shor- 
eline drift is negligible and that transport 
at the part of waves of deep sea is pretty 
large compared to the case of sand. As the 
reason for these, in the former, eXhaustion 
of wave energy in the Course of its ascent 
along mild slope is accounted for, while in 
the latter, considering from the well-known 
theory of sediment transport that sediment 
load rapidly increases with the increase of 
tractive force in the neighborhood of the 
critical tractive force, it is presumed to 
be possibly due to the largeness of Vas 
or Hp which represents tractive force 
from waves in the case of pulverized coal 
compared to that of sand. 

Fig. -8 gives the relation between non- 
dimensional expression of the total amount 
of transport Q of beach sediment and 6%. 

In the case of pulverized coal, since the 
transport at the part of waves of deep sea 
becomes distinguished with the increase of 

d, as mentioned above, the value of were, 
increases with 6, , giving quite opposite 


result from the case of sand. What are 


accountable for this in the two experiments 
are the difference in equilibrium beach profile 
due to the disparity of HY tor a given wave 
of deep sea by 5 times, that in the degree of 
effect suffered by the disturbance resulting 
from impact and that of sediment transport at 
the. part of wave of deep sea. Some more rea- 
sons may be considered beside this, for inst- 
ance, the facts that the shape of pulverized 
coal is flatter than that of sand and that 
specific gravity XS in the water exerts its 
influence directly, because sand transpor} by 
waves is periodic accelerated motion and suff- 
ers impact from the breaker. These problems, 
however, should be submitted to future study. 

By the way, when sand is adopted for sedi- 
ment, the value of Were nas decreased with 
the increase of (,, provided that 6) ie 
more than 0.02. According to Saville's three- 
dimensional experiment of drifts the meximum 
amount of drift was produced at 0.02 ~ 0.025 
of 65 , but in the authors’ experiment, whe— 
ther maximum value is produced or aes 
clarified because of scattered measurement 
values. 
5. Suspended load transport 

The sand that is suspended by waves is 
expected to play an important role to long- 
shore drift as it keeps on drifting along the 
current as it is, but is seems that suspended 
load of this sort has been seldom taken up 
for study up to date. In this experiment, 
the authors conducted measurement at the, 
aree between the shore line and the end point 
of transport limit of sand, though they were 


unable to measure suspended load because of 


-124— 


small depth at the part of foreshore to the 
land-side. from shoreline. 

Fig -9 shows the relation between the 
concentration in the depth direction of each 
section C and the distance from the bottom 


as 


is held between fog C end Y , while in the 


In the case of sand, linear relation 


case of pulverized coal, the phenomenon is 
extremely complicated, showing thin layer 
that is moved by waves in a condition close 
to saturation over the layer of settled 
sediments. The top of this layer will be 
centatively called upper limit of traction. 
The concentration forms, as seen in Fig. -9 
(cd), the distribution of two straight lines 
of different slope. If the upper straight 
line is looked upon as suspension zone, the 
lower one is considered to be showing transi- 
tion zone. Calling the intersecting point 
of these two straight lines as lower limit 
of suspension, the concentration of this 
point will be assumed as C,, In Fig. -2.C 
are given upper limit of traction and lower 
limit of suspension. 

Since there exists linear relation bet- 
ween logarithm of concentration and depth 
with every case of sediment, as mentioned 


above, the concentration distribution may 


be expressed as follows: 


-ad 
G =e ; 


The distribution of suspended load by 
waves is considered to be determimed by di- 
ffusion equation of unsteady and non-equili- 
brium state. Since the validity of the 


above equation has been empirically acknow- 
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ledged, however, considering concentration 
distribution as steady and equilibrium state 
in average and putting Us for settling veloci- 
ty and © for diffusion coefficient, concen- 
tration distribution is assumed to be in 


accordance with following equation, 


oy 
G-€ > a= UZ (6) 


where, € is explained as apparent diffusion 
coefficient in which is included the effect 
of the state of current or the effect of non- 
equilibrium state beside diffusion coefficient 
of turbulence. From concentration distribu- 
tion of Fig.-9 is evaluated 4 = O or concen- 


tration of lower limit of suspension (, and 


° 
rua the slope of straight line, the value 
of A or Hip is obtained. Uz being known, 
the value of £ is also obtainable. In Fig. 
-2 is given the change of (eA end € in X 
direction, which proves that € slowly incre- 
ases with the decrease of depth, more increas~ 
ing before breaking. This is considered to 
be due to the current as if it were drawn up 
at the crest of breakers. This is pretty 
distinctly observed when sediment is composed 
of pulverized coal. Moreover, after breaking, 
it grows at a point which is considered to be 
foam line, especially it is conspicuous in the 
case of pulverized coal, forming almost uniform 
distribution in the direction of depth due to 
an intense disturbance. While at surf zone, 
in the case of pulverized coal, it gradually 
decreases, in the case of sand, it seems to 
decreases for once, suddenly increasing again 


when b> is small. 


Though the authors failed to conduct mea- 
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surement at the shore line, it is possibly 
estimated that a large € will be obtained 
there independently of the value So owing 

to uprush and backrush advancing in piles 

to the steep slope of approximately 1/5. 

The bottom concentration Ga is expected 
to be larger where disturbance is stronger, 
and as transport along the bottom is subject 
to two kinds of actions of tractive force 
and disturbance, there is observed consider- 
able correlation between the two. 

Neglecting upward movement of still watep 
surface by waves with longshore drift as 
object, when sediment is sand, suspended load 

rove contained in the area between the shore 
line and plunge point as well as the total 
amount of suspended load S$ between the shore 
line and offshore side will be as follows from 


equation (6) : 


0 _Us 
S,~f “GE jen © Jax, 
a wR 
§ ~\Sx-e © jax 


where it is provided that Dy ’ Q. are the 
distance between the shore line and the plunge 
point or the end point of transport limit. 

In the above equation, diffusion coeffi- 


cient € can be transformed non-dimensional 


at OfqHpnaking Go as parameter, and assum 


ing C, as absolute volume of sediment in the 
unit volume, (, receives the effect of HLA y 
and Gy. Especially BAyay, expresses the 
rate of the strength of disturbance due to 
weves and the settling velocity and is consi- 
dered to play a most important role to ‘od . 
Referring to BR ey tear eoncerning.° 


to bottom concentration of suspended load in 


Fig.- LOsa 
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rivers, Cs is considered to be in proportion 
with the index above 1 of Hey. to equivalent 
So - Hence non-dimensional forms of S, Sp 


may be put as 


Sor Sp= Lies f (ds, VGH.Ay.) (7) 


In Fig. -10 is shown the result of test in 

the case of sand and in Fig. -ll, that is the 
case of pulverized coal. The case of pulver- 
ized coal is about ten times of the case of 
sand. The latter is noticeable where it pre- 
sents a tendency closely resembled to the 
relation in the case of non-dimensional expre- 
ssion of bed load in Fig. -8 and where maximux 
value is turned up with respect to the total 
amount of suspended load similar to cavillere 
experiment on beach drift. 

As mentioned above, the tie to suspended 
load by waves is considered to depend on the 
clarification of characteristics of diffusion 
coefficient © and bottom concentration C, , 
but it is the authors' wish to wait for future 
experiments for the study of quantitative 
property of the both. 

6. Summary 

The most difficult problems in the appli« 
cation of the results of experiment on the 
chenge of profile of a model sandy by waves 
and sand transport to actual beacnes will be 
the establishment of the similarity due to 
cifference in the size of beach sediment. In 
ae study, as the important factor represent— 
ing the characteristics of beach sediment be- 
sides the steepness of wave, the authors con- 
sidered the ratio of hydraulic force of wave 


upon sand to frictional force or weight of 


re 


sand, He/jp and conducted tests on the 
profile of sandy beach and sand transport, 
using pulverized coal besides sand in order 
to bring this value close to sandy beach of if 
emaller sediment size. As the value of Hy) 
in the case of pulverized coal is 4~v6 times 
larger than that in the case of sand, it has — 
been testified from the experiments about | 


the profile of sandy beech that, expressing 


the relation of the distance and depth from 

shore line in non-dimensional form, He/yp q 
grows targe for the same initial steepness . 
while beach slope of surf zone becomes slow, 
thereby approaching to the profile of actual 


sandy beach of small sediment size. And as 
to the sediment transport along the bottom, 
in the case of pulverized coal, it has been ‘ 
proved that transport near foam line is pre- 
dominant, independently of initial steepness, 
that its distribution is considerably differ- 
ent from the case of sand and that the rela- 
tion of non-dimensional expression of the : 
total bed load with de( initial steepness) is 
extremely at variance with the case of sand. 
Furthermore, in the measurement of concentra- 
tion distribution, what interested the authors 
in dealing with pulverized coal was that tre- 
nsition condition from traction to suspension 
zone has been distinctly apparent as yelloaa 
the fect that concentration distribution in 
suspension zone can be expressed by a simple 
exponential form. Besides, the shapes of 
grains of pulverized coal which are somewhat 
flat seemed to affect more or less the mech- 
anism of sand transport. 


The fact that there was striking differ- 
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ee 


nce in the change of profile of sandy beach 
ccording to sediment size is considered to 
e probably caused by disparity in He/4D (3) 
ainly, even if partially admitting the effect 
f the shape of sediment. 

As mentioned above, the problem of sand 
ransport by waves is difficult not only in 
iving theoretical treatment, being related 
ith the current by breakers or the disturb- (4) 
nce from impact, but also in depending only 
pon experiment, because more than two factors 
Hep 


In order to get a general 


uch as initial steepness or are (5) 
nvolved in it. 
onclusion, therefore, it is necessary to (6) 
lerify the mechanism of sand transport as 
ell as to conduct many experiments and obser- 
ations at actual sandy beach. 
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FIELD INVESTIGATION OF 


Hisao 
Yutaka 


Introduction 


There are various methods which have 
een employed for investigating the 
suspended sediment in the sea. In the 
laboratory a pumping method is often 
used. Some researchers have employed 
samplers made of cotton cloth to 
gather the suspended sediment in the 
sea as well as in the river. A pump- 
type sampler was designed by 4G. W. 
Watts to procure sediment samples by 
pumping a quantity of sediment—laden 

ater from a selected point. It was 
used for gathering the suspended sedi- 
ment in the surf zone at Pacific Beach 
near San Diego. 

In Japan there are many sand beaches 
in natural condition.Erosion and seai- 
mentation in or around the harbours 
is constantly occurrring, but no piers 
are found as suitable places from 


which to sample the sedimentation. 
Within the past several years, the 
present authors have designed a 


convenient sampler which has proved to 
be satisfactory for the purpose. The 
apparatus consits of bamboo poles with 
small holes and concrete blocks to 
anchor to the sea bottom. Such appara- 
tus can, on account of its low cost, 
be set at many points over the rf 
gone where the observer wants to 
gather data. At each point, the verti- 
cal distribution of suspended materi- 
als can also be procured easily. The 


Fig. 
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sampler is a kind of integrator. 
It stands erect in the sea on 
account of its buoyancy, and acts 
as a buoy, also it can be easily 
drawn up. 


Apparatus and Procedure 


The lower part of the 
is shown in Fig. l. Bel 
joints, elongated holes 5 in 
length and 5 in breadth are made 
through the pole.The whole length 
of the bamboo poles is about 2 
meters or so3 they are about 5° 
in diameter. 


sampler 
the 
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In Fig. 2 an example for the charac-— 
teristics of a pole is shown. The inter- 
val between two successive joints, mean 
outside diameter, and the volume of the 


hollow space are plotted against tne 
joint number. The interval increases 
with the joint number. The curve of the 


volume V has its maximum at a joint 
higher than the middle one. 

The lower end of the pole is connect— 
ed to the block of concrete which weighs 
about 20°in the air. 

Sounding the depth of the sea at the 
station where the observer wants to set 
the sampler, he gelects bamboo poles 
which are about 1 longer than the depth 
and sinks them from his boat with their 
- blocks. The bamboo pole stands vertical-— 
ly in the calm sea. The poles are almost 


incessantly inclined and even swung by 
the winds and waves; the elvation of 
the holes which are under the water 


surface also varies by the tides. But 
unless the sea is very shallow, the 
fluctuations of the elvation can be 
neglected; tolerable masses of sediment 
are obtained. 

After one week or so, when the sea is 
calm, the bamboo poles are drawn out of 
the sea water and are cut carefully in 
lengths of about 1 . The holes mst be 
closed as quickly as possible with ordi- 
nary black tape commonly used for 
electric insulation, lest the contents 


should run out of the hole. 

The poles are taken to the laboratory, 
where the sediment materials in tne 
bamboo hollows are taken out by cutting 
the joint. Then they are 
weighed. 


desiccated and 


The concentration of the suspended 
load is generally the largest near 
the bed of the sea. To sample the 
materials near the bed where the 
block is anchored, a short pole is 
specially readied and adapted as 
shown in Fig. 1. Actually this short 
pole gathers the most materials. 


Results 


By the procedure above mentioned, 
observations have been carried out 
at many points along the coast of 
Hokkaido. The contents gathered in 
the poles have been taken out by 
cutting the bamboos lengthwise. In 
most cases, rich rough sands are 


taken as a soft block. Sometimes 
these blocks consist of some strata, 
which are distinguishable each 
other. Fig.3 shows such stratified 


contents. These are samples obtained 
on the coast at Tomakomai. The white 
strata are volcanic sand which seem- 
ed to drift on the bed during 
certain intervals of time. 


Tigi de  (b)« 
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A profile of vertical distribution of (III) Outside shore of the area of 


the mass of material obtained by the whe sand ridges where the depth is 
sampler on the coast at Tomakomai is over 10, sand drift is still 
shown in Fig. 4. Distribution curves observed,but the distribution curves 
generally may be classified in the show very small values, and the bed 
following three types. load is something more than a 
(I) At the shorelines where the depth suspended one. 
is a few meters and the waves stir up 
the sands, the curves are much apart In Fig. 4 types II and III appear 
from the ordinate, showing that the somewhat alternately. 
"Austausch" coefficient is very large. In the zone beyond the ridges, 
(II) Within the surf zone the quanti- drifing seems to be remarkable. Some 
ties of the sampled materials are much of the distribution curves which 
less than those gathered at the bottom; were obtained by plotting the depth 
in the latter region masses of material against the logarithms of the mass 
gathered by sampler rapidly increase, of the sampled material, are shown 
showing that the sand is drifting in in Fig. 5. These examples have been 
large a os the bed. observec at Tomakomai in 1954. The 
500 600" 
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samplers were set on the 22nd of August 
and taken in after four days. The 
were not observed during that period. 
The curves consist of two parts. In 
the layer of about 1 thickness above 
the bottom, the mass increases 
exponentially with the depth. The 
inclinations of the lower part of the 
curve are almost the same for each 
station. Those characteristics have 
been observed in many data. The upper 
parts of the curves are somewhat 
zigzagged, but these fluctuations can 
be smoothed practically. 

If the concentration of suspended 


load is simply assumed to be pro 
portional to the sampled mass, the 
upper part of the curves correspond 


to the small value of the ratio Wo/h , 
where W. and represent the terminal 
velocity of the particie and the 
"Austausch" coefficient respectively. 
Similar three curves which were 
obtained at the same coast, are shown 
in Fig. 6. Although they seem to be 
complicated, the values plotted are 
not randomly distributed. They show 
the upper layer of the sea transport— 
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ing suspended materials stirred up at 
the beach to the westward. 

Experiments on the sensitivity of 
the sampler for the grain size of the 
sediment and tor the current velocity 
passing through the hole are now 
under way. 
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CONSIDERATION BY FUNDAMENTAL TEST OF JETTY IN RIVER MOUTH 


Tamotsu KUBO * 


1. General Consideration 


In the different direction of model tests of small scale of the vrototype, this 


| hydraulic experiments of the jetty in a river mouth (or an estuary) are so funda- 


mental, small and not specific. Hydraulic model tests are not generally satisfied 


with the law of similitude of the water flow and the movement of sandy loads. But 


this test is so fundamental that the results from it have no relation with such law 
of similitude. Therefore results of this paper are valuable not only for the pheno- 
menalism, but also for fundamental establishment of the design of a jetty. 

Forces to such jetties are the action of river flow, wave attacks etc., but in 
this paper are limited to actions of a river flow only. 


The water tank for this test is as Fig.l. The water is circulated by the 
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3 inches pump which is connected to the 3 horse powers electric motor, and fine 
sands which were made from Toyoura (Japan) are entrained by the water flow. Fea- 
tures of water flow and sand sediments are taken by 35 mm films of a camera and ana- 
lised from the developed photos. Sandy loads out of a river mouth are entrained by 
the flood which is a jet flow (or super critical flow) by this jetty. And deltas 
by the growth with sandy sediments at a river mouth show as following three types; 
(1) Delta type in a sea bed; in this type the sea water is denser than the river 
water, (2) Delta type by Gilbert; in this type the density of sea water is equal to 
that of the river water, and (3) Delta type at the sea coast; in such type the river 


water is denser than the sea water. [1]. Actually the information of the sedi- 


mentation of sandy load is difficult fundamentally, but it seems that in the actual 
feature deltas show often the Gilbert type. 

And in this test the river bed has the same height of the sea bed, and both beds 
are made of cement mortar. Therefore, though the actual bed is scoured by water 
flow, the bed in this case is fixed and not scoured, but from the results of this 
experiment it is perhaps understood in what way by the effect of the jetty in a river 


mouth the sandy loads move. 


2. Jet Flow 

The jet flow of water from the outlet can be researched by the method that had 
been studied by Tollmien [2], Albertson [3] and S.Chiaki [4] etc. But these 
studies were on thé steady and mean average values on the flowing time. But as the 
flows in which the breadth of water channel are suddenly broad, are shown often the 
type as Fig.2.a, b, and c, main stream is so meandering, moderately bending or nearly 
straight. And the part of jet flow in the coast is straight and perpendicular to 
the shore line. These parts of straight line and meandering of the main flow should 
have relation to the motion of sandy loaas. The part of straight line of fYou is 
due to the inertia of jet flow in the river mouth, and the meandering flow depends 
on the vortex motion of sea water. 


Those vortices are seemed to depend on the law of Karman's row; or the steady 
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vortex by him were shown that the 
ratio of breadth h to distant 1 had 
cosh” ¥3/ IC (or h/1= 0.2806). 
From many photos in this experiment 
on jetties of various kinds, the 
mean value of the coefficient h/1 
is nearly equal to 0.2806 by Karman. 
The motion of sandy loads at the sea 
bed must depend on this vortices and 
the meandering of the main stream 
from the river. In stead of these 


vortices ana meanders, if the main 


flow of a river is steady and diffused to the sea water, the end of the main flow 
which parts from the outlet ot a river has low speed and a little tractive force, 
and therefore can not scour the sea bed or flush the sandy loads. 


stream is concentrated on the main flow and meanders left and right, the beds part 


from the coastal line may be scoured. 


Fig.2.b 
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But since the 


If the flow out of a river is not a jet flow, the scouring feature differs from 
that above mentioned. At the jetties in the estuary, for the purpose of the bed 
loads, the flows must be accelerated and made jet flows. For the flow becomes a 
iet, the breadth B of a jetty mouth must be as a following equation; that is 

B< Q//ey 
where, Q; discharge from the river, g; gravity acceleration, and y; depth. Since 
jet flows are more straightened to the offshore than a tranquil flow, the tracted 


sandy loads are flushed away from the river mouth. 


In a jet flow, the length of the straight part of main flow depends on the velo- 
city or the discharge at the mouth of a jetty. Following Fig.3 shows the relation 
between the length and the velocity 
in this test. From this figure, it 
is found that the length straightened % 
becomes long as the velocity increases. 
Pernaps in this straight part of the 
main flow the tracted sandy loads may 
be impossible to sediment immediately. /o 
Or it seemed that the flushing of the 

10 4 50 40 50 GO om 
sandy loads by the water depends ess-= % 
entially on this straight part of a Fig.3 


jet flow. Therefore if the width of jetty mouth is smaller, the straight part is 


longer for the same discharge of the river, and the sandy loads may be flushed far 


away from the coast. 


3. Diffusion of a Jet Flow 

As the main flow from the estuary appreciably meanders, the velocity of any point 
is so variable by the time. And as the water surface is disturbed and vortices are 
not fixed, therefore the velocity at any time is difficult to measure. By the home- 
made Pitot tube, high speeds and low speeds velocities were measured at each ten 


times continuously in this test. Mean values of these velocities are shown as foll- 
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Fig.5.¢ Fig.5.d 
Mean Value of Low Velocities 


owing Fig.4.a, b, c, d and Fig.5.a, b, c, d. From these figures it thinks that in 
comparison with four shapes of jetties, the no jetty type has the highest velocity 
at the center line in the main flow at the same distance from the river mouth, and 
it seems that the angle of diffusion is largest in the case of no jetty. The author 
thinks the reason way the flow has the highest velocity and the largest angle of 
diffusion in the case of no jetty as following; that is, by little secondary flow or 
little energy-loss in no jetty at the river mouth, the jet flow is flushed away from 
the river mouth, but in the other jetty types a secondary flow at the mouth grows 
and the energy-loss of a flow increases. Therefore jetties for flushing away sedi- 
ment loads must be constructed with the broad and massive body. 

The curve of boundary of the jet flow from a small orifice has a parabolic shape 
in that of the jet flow by 
Tollmien's theorem. From 


photos by this test the 


Cm 

oy 
shape of the diffusion of <n 

v oh 
the jet flow from the jetty Ned a 

® so rs 
is as following Fig.6 and 7. 0 2 

: : : 20+ Faralle/ 
Cr Fig.6 shows the relation . “pine MaxwGurve 
between the breadths B, of te 
the boundary of diffusion 0 Dw @ wm Ww) 10 Te 1 Tha. 
Distance 

and the distances from the 
mouth by several discharges. Fig.6 
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And in Fig.7 the curves of the boundary 
of diffusion are shown in the cases of 
three types of jetties and in the same 
discharge, From these figures it is 
seemed as the following equation of the 
curve; that is 
1/D = (Bz/D)* /k,= kp 
where 1: the distance from the mouth, D: 


the width of the channel, B,: the breadth 


of the diffusion, and k, and kz are coefficients varied with the discharge (in this 


test k,= 2.4, k, + 0.458). 


The feature of the sedimentation of sands is shown in Fig.8. 


sedimentational part B, 
and B,(in the figure) 
are variable by the dis- 
charge and the durational 
time of this test. In 
oe O)s Opel lioe 2 and 23 
these variations are 
shown. From these fig- 
ures it is seemed that 
in the quantity of dis- 
charge which is larger 
than 3.5 1t/sec, after 


several minuits from the IG 


S 
s 


begining of the experi- 
ment, B,, Bz and (By - B) 
are not so variable by dis- 


charges and times. The 


3S’ & ses z#xes 


relation between the ratio 


) 


of 1 and the width D of 


Breadth, B: 


ia 
= 
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Fig.7 
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Fig.3 


Time (min) 


And the width of 


the river mouth and B,/D may 
be required from this test as 


following equation; that is 


1/D = (By/DY /k{- k% ** 
where kj and k4 are coeffi- 5 
cients that depend on the . 
time, the discharge and other - a 2 20 ~ 2 Tome (mim) 


actual factors of the feature 


Fig.10 
of jetty (in this test kj and 
Bem 
k5 are 2.4 and 0,9 respectively ‘x oe 
0 
). From this test, Bo gee 
70 [\= 4= 80 
Z. = / \ 
Tees ke * L= 60 
Z f 4= 40 
and'then the diffusion curve 40 f nace 
30 
is seemed to correspond to 2 (Z 
10 
that of the sediment. 0 | ar a a TT Bi a A a 
Discharge Woes 
Therefore the author thinks 
Fig.11 


that by the parallel jetty or 
no jetty, the sediment is 
diffused effectively from the 
mouth in such way. 

But of course the flushing 


of the sandy loads depends on 


the position of the mouth of (2 Se aes oan Gaye Paghe 7) Mave 77 
Discharge tY/sec 


jetty. Or the long jetty is 


more useful than a short jetty. Fig.l2 


Therefore it is concluded that the parallel, straight and long jetty may be used to 


good purpose, 


4. Single Jetty 


By the direction of a single jetty, types are classified as following two types; 
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0 / 2 3 4 6 é 7 é r/ Discharge. &/t 
(1) the checked type to the main 
stream from a river as Fig.14 and 
(2) the unchecked type to the main 
flow as Fig.15. In these types 
the angle of the diffusion or the 
breadth of the sedimentation of 


sandy loads depends on the quantity 


— 


of the discharge. Fig.16 and 17 a F 

show the breadth variation by the 

discharge. From these figures it 

is seemed that the checked type of Fig.14 


a jetty pushes the main stream and 
sandy loads to the coast and the 
jetty of the unchecked type pulls 


the stream and sands. 


OW A Pair of Jetties 


If parallel jetties are perpen- Fig.15 
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a 


dicular to the coastal 
line, the phenomenon of 
the stream and the sand 
movement are above men- 
tioned as (3). But the 
action of the parallel 
jetty of the skewed type 


to a coast as Fig.18 and 


19 may differ slightly 


ra we 
from the perpendicular Discharge. 


type. Fig.18 and 19 Fig.16 


show respectively the 


diffusion of water stream 8 —-— o=20° 
30 are 
ana the feature of sandy 20 16 : be . : 
“0 Leh ee eee ea er ae re, ie 
sedimentation, The o — BS eer - ay 
-/fo Par ree 
results are shown in Fig. 
0 1 2 3 4 Ss é of 8 7 ty, 
Discharge. 
20 (the relation between 
the breadth B of the Bi ee 


diffusion and the dis- 
charge), Fig.21 (the 
relation between the 
breadth B4 of the diffusion 
and the discharge), Fig.22 
(the relation between the 
average breadth Bj, BS or 


1 - Bz of various angles 


and the discharge), and 
Fig.23 (the relation Fig.18 
between the diffusion angle of sedinentation or Y¥, and the discharge). From 


these figures it is understood that the parallel jetties have a little variation 
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by the discharge, but does not 
so depend on the angle of the 
direction of jetty & and the 
skewed and parallel jetty is 
hardly found to the difference 
from the perpendicular type. 

Not parallel jetties may 
differ from parallel types. 
For examples, the results of 
the test are shown in Fig.24. 
a, b, c, d ande. There are 
two types of the jetties of 
the breadth of mouth being 
reduced and enlarged. 

In the enlarged breadth of 
the mouth of jetties, the 
diffusion of the main stream 
may becomes larger than that 
in the parallel jetties and 
may flush away the sandy sedi- 
ment in the near of the river 
mouth. On the contrary, in 
jetties to be reduced the 
mouth, main stream may become 
a high velocity flow and sandy 
loads are entrained to the off- 
shore. But in the other hand, 
reduced jetties have the ten- 
dency which the energy of the 


flow decreases by frictions at 


Fig.19 
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the wall side and by the 


scouring in the part of jetties. 


Therefore the author thinks 
that the parallel type, 
slightly enlarged cr reduced 
type at the mouth is most 
effective in the actual 
estuary. 

Skewed and parallel jetties 
have two actions of each side 
of jetties; that is, one side 
of jetties has pushing action 
of the stream and sandy loads 
as the checked type, and an- 
other side has pulling action 
of those as the unchecked type 
Therefore for the introduction 
of the sandy loads and the 
stream of a river into the 
coastal line from the estuary, 
the construction of the skewed 
jetties of a pair may be 
adapted for this purpose of an 


actual work. 
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6. Conclusion 
The author thinks that the 


| parallel jetties are benefi- 
| cial to quide the water flow a PSE: 
oe 

| and introduce the sandy loads 

sediment. But the prevention b 

from the enclosement in an Fig.24.d 

estuary by sandy loads is not 


| effective by only such jetty, ee eee 


and the sandy loads of the 


drift along a coast often 
close the mouth of the jetty. ee eae 
Therefore, it is concluded Fig.24.e 
from these test, parallel jetties and groins checking the movement of the sandy 


drift must be effectively used for the prevention from the enclosement at the river 


mouth. 
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